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In the past 10 years, the number of American adults with visual impairments has
increased from 1 million to 4 million and is expected to double to 8 million people by the year
2050 (The Eye Diseases Prevalence Research Group, 2004; National Eye Institute, 2013).
Therapies to treat retinal diseases causing visual impairment, such as diabetic retinopathy and
age-related macular degeneration (Massof, 2002; Mogk, 2011), have evolved in the past two
decades (Gupta et al., 2013; Hooper & Guymer, 2003), but little research has examined recent
population and difficulties with performing daily activities. Different types of professionals,
including ophthalmologists, optometrists, occupational therapists, orientation and mobility
specialists, vision rehabilitation therapists, and low vision therapists, work to assist adults with
visual impairments remain independent with daily tasks, and an understanding of population
characteristics is critical to providing successful treatment (Court, McLean, Guthrie, Mercer, &
Smith, 2014; Johnson & Romanello, 2005; Salive, 2013). The studies in this three-paper
dissertation examine difficulties with daily tasks, factors contributing to these difficulties, and
similarities and differences over time in adults with visual impairments.
This research indicated that adults with even mild visual impairment report difficulty
with their daily tasks. The first and second dissertation studies examined similarities and
differences over time in two different populations of adults with visual impairments. The first

study compared characteristics of adults receiving services from a Midwest hospital-based vision
rehabilitation center from 1997-2003 with 2007-2012, and the second study compared National
Health and Nutrition Examination Survey (NHANES) participants from years 1999/2000 versus
2007/2008. Both studies revealed a greater percentage of subjects with less severe vision
impairment in the later time periods; however, overall, approximately 30% of people with less
severe vision impairment reported difficulty with daily tasks, such as reading and driving.
Results from the third study indicated as multimorbidity increased, the number of adults with
visual impairment who reported difficulty increased, and this was accentuated with more severe
visual impairment. These studies provide a better understanding of similarities and differences
over time in visual function, and in the associations between visual impairment, multimorbidity
status, and self-reported performance in daily activities in visually impaired adults. Vision
rehabilitation professionals need to understand the population in order to manage the treatment
of adults with mild to severe visual impairments, but also in 54% of the cases complicated by
multimorbidity.
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CHAPTER I
INTRODUCTION
Vision rehabilitation for adults with vision impairment has grown in the past quarter of a
century. Services have expanded from rehabilitation traditionally offered by vision rehabilitation
therapists, orientation and mobility specialists, and low vision therapists to services provided by
medical professionals, including ophthalmologists, optometrists, and occupational therapists
(Mogk & Goodrich, 2004). In Michigan in 1997, and nationally in the United States in 2002, the
first formal, written policies for third-party reimbursement were approved by the Centers for
Medicare and Medicaid Services (Goodrich, Arditi, Rubin, Keeffe, & Legge, 2008; Mogk &
Goodrich, 2004). This policy development was driven by changes in the population of persons
with visual impairments, with an increase particularly in the number of older adults affected
(Mogk & Goodrich, 2004), and fewer services for older adults available through state and private
agencies serving the blind due to decreased funding (O’Day & Revell, 2007; Smith, 2009). As
the field of vision rehabilitation evolves, it is critical for professionals to understand the
population characteristics with visual impairments and how this population has changed over
time. For example, the expectations, goals and learning styles of baby boomers (currently ages of
52-70 years) are different than adults from Generation X (currently ages 31-51 years) or the
Greatest Generation (currently over 70 years old) (Johnson & Romanello, 2005). Knowledge of
the population will allow vision rehabilitation professionals to improve and tailor services for
adults with vision impairments. The primary purpose of this descriptive research will be to
examine the characteristics of a sample population of persons with visual impairment, including
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similarities and differences that have occurred over time, and other factors, such as
multimorbidity or age, that may influence a person’s ability to complete activities of daily living.
Changing Demographics of Visual Impairment
The current prevalence of visual impairment, including blindness, for U.S. adults over the
age of 40 years is estimated to be over 4 million people (National Eye Institute (NEI), 2013;
Varma et al., 2016), an increase of over one million adults since the year 2000 (The Eye Diseases
Prevalence Research Group, 2004; NEI, 2013). The number of people with vision impairment is
expected to at least double, affecting between 8 and 12 million people, by the year 2050 (NEI,
2013; Varma et al., 2016), with adults aged 65 years and older as the largest group affected (The
Eye Diseases Prevalence Research Group, 2004; Ko et al., 2012; Massof, 2002; Varma et al.,
2016; Vitale, Cotch, & Sperduto, 2006). It is estimated the number of new cases of visual
impairment will continue to grow by approximately 40,000 cases each year through the year
2025 (NEI, 2013), with approximately 80% of new cases in people over the age of 65 years
(Massof, 2002). Studies have also reported a higher prevalence of severe vision impairment,
defined as visual acuity of 20/200 or worse, in individuals 80 years and older (Massof, 2002;
Varma et al., 2016). As the demographics of persons with vision impairment continue to expand
and change, vision rehabilitation professionals, such as ophthalmologists, optometrists,
occupational therapists, vision rehabilitation therapists and orientation and mobility specialists,
may need to adjust treatment approaches as they strive to develop individualized services for
customers, improve policies affecting people with visual impairments, and guide future research.
Quantifying Vision Impairment
Visual impairment, not correctable by glasses, surgery, or medication, and that interferes
with a person’s ability to complete daily living activities with residual vision is called low vision
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(NEI, 2013; Corn & Lusk, 2010). Low vision can be caused by various eye or neurologic
diseases, such as macular degeneration, glaucoma, diabetic retinopathy, or a stroke (Mogk,
2011). A person’s residual vision is measured using a variety of criteria. Visual acuity is the
ability to see a certain size target at a specified distance (Meyers & Wilcox, 2011), and it is the
vision used to see details of a letter or object. Best corrected visual acuity is measured at a near
or far distance with a person wearing eyeglasses or contact lenses. Peripheral visual field is the
outer portion of the area a person sees, and impairment is measured by recording the number of
degrees remaining (Meyers & Wilcox, 2011). Although a person may have a small visual field
causing functional difficulties, visual acuity may remain intact or be minimally impaired (Mogk,
2011). Contrast sensitivity is the ability to distinguish an object against a similar color
background (Meyers & Wilcox, 2011; Mogk, 2011). A person’s face is an example of low
contrast, while pouring black coffee into a white cup is considered high contrast. As a person
ages, contrast sensitivity decreases (Brabyn, Haegerstrom-Portnoy, Lott, & Schneck, 2000;
Brabyn, Schneck, Haegerström-Portnoy, & Lott, 2001; Greene & Madden, 1987; Owsley &
Sloane, 1987). Eye diseases can also decrease contrast sensitivity, but the assessments to identify
contrast sensitivity impairments are often overlooked during routine (non-low vision) eye exams
(Mogk, 2011). Even though the measurements may not indicate a severe impairment, deficits of
visual acuity, visual field and contrast sensitivity can affect one’s ability to complete daily tasks
(Fletcher & Schuchard, 2006; Meyers & Wilcox, 2011; Mogk, 2011).
In the past 20 years, studies from Canada (Elliott et al., 1997), Australia (Wolffsohn &
Cochrane, 1999), England (Crossland & Silver, 2005) and the United States (Goldstein et al.,
2012) have described the population of individuals presenting at low vision centers, increasing
the understanding of the population. These studies found that over 70% of patients were 60 years
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and older (Crossland & Silver, 2005; Elliott et al., 1997; Goldstein et al., 2012; Wolffsohn &
Cochrane, 1999), and the majority of individuals seeking services had macular disease
(Crossland & Silver, 2005; Elliott et al., 1997; Goldstein et al., 2012). Two studies using similar
time periods studied trends (Crossland & Silver, 2005; Wolffsohn & Cochrane, 1999), but no
studies examining changes in the U.S. over time could be located. A 1999 study from Australia
found an increase in older patients and those with macular disease when examining trends from
1972 through 1996 (Wolffsohn & Cochrane, 1999), and a 2005 study from England found
statistically similar rates of age or disease causing low vision from 1973 through 2003
(Crossland & Silver, 2005). The application of the results of these two studies may be limited to
the geographic region where the study was conducted, and neither study considered functional
limitations over time (Crossland & Silver, 2005; Wolffsohn & Cochrane, 1999). Additionally,
studies describing the visual characteristics of the low vision population prior to the mid-2000s
(Brabyn et al., 2000; Brabyn et al., 2001; Crossland & Silver, 2005; Elliott et al., 1997; Greene &
Madden, 1987; Owsley & Sloane, 1987; Wolffsohn & Cochrane, 1999) may not reflect the
characteristics of the current population, many of whom are receiving treatment with antivascular endothelial growth factor (anti-VEGF) (CATT Research Group, Martin, & Maguire,
2011; Fletcher & Schuchard, 2006; Hooper & Guymer, 2003) and corticosteroids (Çekiç, Chang,
Tseng, Barile, Del Priore, et al., 2005; Çekiç, Chang, Tseng, Barile, Weissman, et al., 2005;
Cunningham, Edelman, & Kaushal, 2008; Gillies et al., 2006; Gupta et al., 2013; Miyamoto,
Iossifov, Metge, & Behar-Cohen, 2006), which are aimed at slowing the progression of retinal
diseases, such as age-related macular degeneration (CATT Research Group et al., 2011; Fletcher
& Schuchard, 2006; Hooper & Guymer, 2003) and diabetic retinopathy (Cunningham et al.,
2008; Gillies et al., 2006; Gupta et al., 2013; Miyamoto et al., 2006).
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Visual Impairment and Performance of Activities of Daily Living (ADLs)
Research has shown that visual function is related to performance of activities of daily
living (ADLs), and more complicated tasks called instrumental activities of daily living (IADLs);
hereafter both types will be referred to as ADLs or daily tasks. Visual impairment, defined by
measures of visual acuity (Brabyn et al., 2001; Haymes, Johnston, & Heyes, 2002; Lamoureux,
Hassell, & Keeffe, 2004; Owsley & Sloane, 1987; Perlmutter, Bhorade, Gordon, Hollingsworth,
& Baum, 2010; Rubin, Roche, Prasada-Rao, & Fried, 1994; Salive et al., 1994; West et al.,
2002), visual field (Brabyn et al., 2001; Noe, Ferraro, Lamoureux, Rait & Keeffe, 2003; Qiu,
Wang, Singh, & Lin, 2014; Turano et al., 2004), and contrast sensitivity (Brabyn et al., 2001;
Haymes et al., 2002; Owsley & Sloane, 1987; West et al., 2002), has been associated with
difficulty performing ADLs, such as reading (Brown, Goldstein, Chan, Massof, & Ramulu,
2014; West et al., 2002), driving (Brown et al., 2014; Goldstein et al., 2012; Rubin et al., 1994;
Wood & Mallon, 2001), dialing the phone (West et al., 2002), and walking in and around one’s
home (Brown et al., 2014; Crews, Jones, & Kim, 2006; Elliott et al., 1997; Goldstein et al., 2012;
Haymes et al., 2002; Lamoureux et al., 2004; Noe et al., 2003; Turano et al., 2004; West et al.,
2002; Wolffson & Cochrane, 1999). A U.S. study reported 87% of participants with visual
impairments required assistance with daily tasks, but it did not examine difficulty specific daily
activities or the relationships with levels of vision impairment (Goldstein et al., 2012).
Researchers using U.S. public population-based databases have examined the associations
between visual impairment in adults and functional limitations using self-reported measures of
visual function (Berger & Porell, 2008; Campbell & Crews, 2001; Crews et al., 2006; Dunlop,
Manheim, Sohn, Liu, & Chang, 2002; Steinman & Allen, 2011; Swanson & McGwin, 2004), and
thus have not considered specific levels of visual impairment based on objective measures of
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visual acuity. By using self-report, these studies limit the analyses of different levels of visual
impairment, based on objective measures of visual acuity, which has been associated with one’s
ability to complete daily tasks in a previous study (West et al., 2002). Knowledge about the
relationships between ADL difficulties and specific levels of vision impairment may allow vision
rehabilitation professionals to modify treatment approaches or focus research on specific subsets
of the population.
Chronic Conditions in Adults
The growth in the number of older adults in the U.S. with vision loss could be related to
the increase in life expectancy from 68.2 years in 1950 to 78.8 years in 2014 (National Center for
Health Statistics, 2016). In addition, as baby boomers age, the number of Americans over the age
of 65 is expected to rise from 15% of the population in 2015 (Colby & Ortman, 2015; United
Nations, Department of Economic and Social Affairs, Population Division, 2015) to over 20% in
2030 (Colby & Ortman, 2015; National Center for Health Statistics, 2016), equaling over 70
million persons (Colby & Ortman, 2015; National Center for Health Statistics, 2016). As medical
technologies and treatments improved through the 20th century (Anderson, 2010), not only has
life expectancy increased, but the percentage of U.S. adults living with chronic conditions has
also escalated in the past quarter of a century (Fried, Bernstein, & Bush, 2012; National Center
for Health Statistics, 2016). Chronic conditions are ongoing health problems that last longer than
one year and require medical management, or impact everyday activities (Goodman, Posner,
Huang, Parekh, & Koh, 2013). Health professionals need to consider how these chronic
conditions may impact the everyday life of a client.
It is estimated that one-half of the people in the U.S. has at least one chronic condition
(Anderson, 2010), with at least one-half of these reporting two or more chronic conditions
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(Anderson, 2010; Gerteis et al., 2014; Ward & Schiller, 2013). The likelihood of two or more
chronic conditions, also called multimorbidity, increases with age (Anderson, 2010; Gerteis,
2014; Salive, 2013; Ward & Schiller, 2013). Twenty-five percent of adults aged 45-64 years who
report living with a chronic condition have multimorbidity, and nearly 75% of those aged 65 and
older have multimorbidity (Anderson, 2010; Gerteis et al., 2014; Ward & Schiller, 2013). Older
adults with visual impairment are more likely to have at least one chronic condition compared to
their sighted peers (Court, McLean, Guthrie, Mercer, & Smith, 2014). Recent studies have
identified the most common physical conditions in older adults including arthritis, cardiac
problems, chronic kidney disease, diabetes, hearing impairments, osteoporosis, respiratory
issues, and stroke (Court et al., 2014; Goodman et al., 2013).
Chronic conditions in adults can decrease a person’s ability to perform ADLs (Verbrugge
& Jette, 1994; Verbrugge, Reoma, & Gruber-Baldini, 1994). It is estimated that nearly 50% of
people with at least one chronic condition report some difficulty with performing their ADLs
(Gerteis et al., 2014; St. John, Tyas, Menec, & Tate, 2014). As the number of multimorbidities
increase per person, a greater percentage of individuals report difficulty (St. John et al., 2014),
and vision rehabilitation professionals who ignore the impact of multimorbidities in adults with
vision impairment may not fully address the needs of this population. By understanding the
relationships between visual impairment, multimorbidity status, and ADL performance, vision
rehabilitation professionals may be able better provide integrated clinical care (Court et al., 2014;
Salive, 2013) and advocate for the adults they strive to assist.
Chronic Conditions, Visual Impairment, and Performance of ADLs
Previous research has shown individuals with one specific chronic condition in addition
to visual impairment report increased difficulties with ADLs (Berger & Porell, 2008), such as
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reading (Zhang et al., 2013), shopping (Crews & Campbell, 2004; Crews et al., 2006; Crews,
Valluru, & Campbell, 2005), preparing meals (Crews & Campbell, 2004; Crews et al., 2006;
Crews et al., 2005), and driving (Zhang et al., 2013). When examining individuals with the same
chronic condition, such as diabetes (Crews et al., 2006; Crews et al., 2005), cardiac problems
(Crews et al., 2006), or hearing loss (Berger & Porell, 2008; Crews & Campbell, 2004; Crews
et al., 2006), there is an increased percentage of adults with vision loss reporting difficulty with
the performance of ADLs compared to individuals without vision loss. There is lack of evidence
documenting the relationships of reported difficulty with ADLs and multiple chronic conditions,
or multimorbidity, in the adult population with visual impairments. A deeper understanding of
these associations may help to guide clinical assessments and therapeutic interventions for
individuals with visual impairments, with and without multimorbidity.
The World Health Organization (WHO, 2001) developed a holistic framework or model
for assessing health, the International Classification of Functioning, Disability and Health (ICF)
(Lollar, 2002). The model is used to assess an individual’s level of function by considering the
dynamics and factors that impact the completion of the task, such as medical conditions, body
functions, personal (e.g., age and gender) and environmental factors (WHO, 2001; Lollar, 2002).
WHO acknowledges the role of medical conditions on ADL performance by including health
conditions as contextual factors in the model. The descriptive studies included in this dissertation
will begin to apply the ICF framework in an examination of the relationships between selfreported difficulties with ADLs and levels of visual impairment.
Significance of Research
Difficulty with performance of activities of daily living, such as reading, driving, and
preparing meals, has been found to be associated with decreased visual acuity (Berger & Porell,
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2008; Brabyn et al., 2001; Haymes et al., 2002; Lamoureux et al., 2004; Owsley & Sloane, 1987;
Rubin et al., 1994; Salive et al., 1994; West et al., 2002), visual field (Brabyn et al., 2001; Noe
et al., 2003; Qiu et al., 2014; Turano et al., 2004), and contrast sensitivity (Brabyn et al., 2001;
Haymes et al., 2002; Owsley & Sloane, 1987; West et al., 2002), although these factors may only
explain a portion of the reported difficulty. In previous studies, a single chronic condition has
been found to impact a person’s performance with ADLs (Crews & Campbell, 2004; Crews
et al., 2006; Dunlop et al., 2002), but there is a lack of evidence examining the associations
between multimorbidity and ADL difficulty. Previous population-based studies have used selfreported visual impairment (Berger & Porell, 2008; Crews & Campbell, 2004; Crews et al.,
2006; Dunlop et al., 2002), but the relationships with measured visual acuity may provide
valuable insight into difficulty with ADLs reported by persons with visual impairment. As the
number of older adults increase (Colby & Ortman, 2015; National Center for Health Statistics,
2016; United Nations, 2015), including the number of older adults with visual impairments due
to age-related diseases (The Eye Diseases Prevalence Research Group, 2004; Ko et al., 2012;
Massof, 2002; Varma et al., 2016; Vitale et al., 2006), it is imperative to understand the
relationships between the levels of visual impairment, functional difficulties and other factors
that impact ADL performance, including the similarities and differences, as current treatments
for age-related eye diseases have evolved (Gupta et al., 2013; Hooper & Guymer, 2003). By
addressing these gaps in the literature, these studies will aim to increase knowledge of the
descriptive characteristics of the population of adults with visual impairments in order to aid
professionals in developing rehabilitation programs and treatment strategies, advocating in
policy development, and focusing research for adults with visual impairments.
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Conclusion
As the demographics of people affected by visual impairment change (The Eye Diseases
Prevalence Research Group, 2004; Ko et al., 2012; Massof, 2002; NEI, 2013; Varma et al., 2016;
Vitale et al., 2006), it is critical for vision rehabilitation professionals to understand the
complexity of the population they serve. Adults with visual impairment are known to have
increased difficulties with performance of ADLs (Brown et al., 2014; Crews et al., 2006; Elliott
et al., 1997; Goldstein et al., 2012; Haymes et al., 2002; Lamoureux et al., 2004; Noe et al.,
2003; Rubin et al., 1994; Turano et al., 2004; West et al., 2002; Wolffson & Cochrane, 1999;
Wood & Mallon, 2001), but it is unclear if there have been any changes over time as the
treatments for the diseases causing visual impairment have evolved. Adults with visual
impairment and one chronic condition report more difficulty with ADLs (Berger & Porell, 2008,
Crews & Campbell, 2004; Crews et al., 2006; Crews et al., 2005; Zhang et al., 2013), but studies
may not have considered the impact of multimorbidity in individuals with visual impairment,
even though it is estimated one-quarter to one-third of these adults will report multimorbidity
(Anderson, 2010; Gerteis et al., 2014; Ward & Schiller, 2013). Many of the population-based
studies used to describe the relationships between visual impairment and ADL function may not
use quantitatively measured visual impairment, but rather rely on self-reported visual impairment
(Berger & Porell, 2008; Crews & Campbell, 2004; Crews et al., 2006; Crews et al., 2005).
Studies using self-reported visual impairment may not allow for examination of differences
based on levels of visual acuity, visual field or contrast sensitivity. There is opportunity to
increase the knowledge of these relationships which could be used to shape future vision
rehabilitation clinical practice, research, and development of policies affecting individuals with
visual impairments.

11
Purpose of Research
This research aims to contribute to the literature in the field of vision rehabilitation. The
first study will examine a sample of the population from a large hospital-based vision
rehabilitation center in the Midwest. The second and third will use data from the National Health
and Nutrition Examination Survey. The purpose of the dissertation chapters is as follows:
Chapter II: Examine and describe the associations between visual impairment (based on
clinical measures, i.e., visual acuity, visual field, and contrast sensitivity)
and self-reported difficulties with 11 daily tasks, including similarities or
differences over time, at a large hospital-based vision rehabilitation center in
the Midwest.
Chapter III: Examine and describe the associations and similarities or differences over
time between levels of visual impairment (based on quantitatively measured
visual acuity) and self-reported difficulty with four ADLs, i.e., reading,
driving, preparing meals, and participating in events in the community, in
U.S. adults with visual impairments.
Chapter IV: Examine and describe the relationships between visual impairment (based
on quantitatively measured visual acuity), multimorbidity status, age, and
self-reported difficulty with ADLs, i.e., reading, driving, preparing meals,
and participating in events in the community, in U.S. adults with visual
impairments.
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CHAPTER II
CHARACTERISTICS OF PATIENTS RECEIVING A LOW VISION EXAM:
A DESCRIPTIVE COMPARISON AT ONE HOSPITAL-BASED VISION
REHABILITATION PROGRAM, 1999-2003 VS. 2007-2012
Introduction
In the 1990s, a low vision rehabilitation specialty emerged with comprehensive services
offered by ophthalmologists and optometrists working with occupational therapists (Mogk &
Goodrich, 2004) to serve adults with visual acuity of 20/70 or worse or with any documented
visual field limitation (Goodrich, Arditi, Rubin, Keeffe, & Legge, 2008). Since 1997, four
descriptive studies from Australia (Wolffsohn & Cochrane, 1999), Canada (Elliott et al., 1997),
England (Crossland & Silver, 2005) and the United States (Goldstein et al., 2012) have reported
similar demographic characteristics among adults with vision loss (The Elderly Working Group
of the World Blind Union, 2011), including similar age, sex characteristics, and eye diseases. As
treatments for eye diseases have evolved (American Academy of Ophthalmology Retina/
Vitreous Panel, 2015, 2016; CATT Research Group, Martin, & Maguire, 2011; Çekiç, Chang,
Tseng, Barile, Del Priore, et al., 2005; Çekiç, Chang, Tseng, Barile, Weissman, et al., 2005;
Fletcher & Schuchard, 2006; Gupta et al., 2013; Hooper & Guymer, 2003) to become the
standard of care since around 2006 (American Academy of Ophthalmology Retina/Vitreous
Panel, 2015, 2016; CATT Research Group et al., 2011; Çekiç, Chang, Tseng, Barile, Del Priore,
et al., 2005; Çekiç, Chang, Tseng, Barile, Weissman, et al., 2005; Fletcher & Schuchard, 2006),
one might expect that fewer patients would present for vision rehabilitation, and that those who
do would have fewer complaints of difficulty with daily tasks, e.g., reading, driving, and meal
preparations. Because three of the descriptive studies (Crossland & Silver, 2005; Elliott et al.,
18
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1997; Wolffsohn & Cochrane, 1999), examined data prior to 2004, it is unclear how the overall
population characteristics have been influenced, if at all, by these changes in treatment.
Understanding the needs of the current population is critical to tailor therapy aimed at keeping
adults with low vision independent. This retrospective study aims to describe the characteristics
of adults presenting low vision services from a large hospital-based vision rehabilitation
program, the Center for Vision and Neuro Rehabilitation at Henry Ford Health System (HFHS),
by comparing two different time periods (1997-2003 and 2007-2012).
Decreased visual acuity, visual field, and contrast sensitivity from any eye disease can
impact an individual’s independence in completing daily tasks, e.g., driving (Freeman, Munoz,
Turano, & West, 2006) , reading (Fletcher & Schuchard, 2006; Haymes, Johnston, & Heyes,
2002), mobility (Elliott et al.,1997; Lamoureux, Hassell, & Keeffe, 2004; Noe, Ferraro,
Lamoureux, Rait, & Keeffe, 2003; Turano et al., 2004; West et al., 2002), shopping (Haymes
et al., 2002), writing (Haymes et al., 2002), meal preparation (Haymes et al., 2002), and leisure
activities (Elliott et al., 1997; Lamoureux et al., 2004). In individuals with vision loss, the
presence of chronic comorbid conditions is also associated with self-reported difficulties with
daily tasks (Berger & Porell, 2008; Campbell & Crews, 2001; Crews & Campbell, 2004; Crews,
Valluru, & Campbell, 2005), increasing reports of poorer physical functioning (Campbell &
Crews, 2001; Crews et al., 2005; Salive et al., 1994), and quality of life (Brown & Barrett, 2011;
Hazel, Petre, Armstrong, Benson, & Frost, 2000; Perlmutter, Bhorade, Gordon, Hollingsworth,
& Baum, 2010), which presents challenges to the professionals treating these individuals (Court,
McLean, Guthrie, Mercer, & Smith, 2014; Salive, 2013). Therefore, it is important that referring
professionals and rehabilitation professionals understand the complexity and effects of these
multiple circumstances in the current population (Verbrugge & Jette, 1994; Verbrugge, Reoma,
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& Gruber-Baldini, 1994). A literature review revealed no prior studies documenting the
relationships between self-reported difficulties in specific daily tasks due to vision impairment
and contrast sensitivity impairment, and any similarities and differences in these variables using
data from the years 1996 through 2012.
Methods
Design and Subjects
This retrospective, descriptive chart review received approval from the human subjects
institutional review boards from both Henry Ford Health System and Western Michigan
University, and a waiver of consent was granted from both institutions. The paper charts of 200
adults over the age of 18 years who presented for their initial comprehensive low vision
examination at one of two HFHS-CVR’s metro-Detroit locations were reviewed, 100 chosen
from the earlier time period (1997-2003) and 100 from the later time period (2007-2012). Six
years were included in the first time period in order to allow the random sample in each time
period to be drawn from a similar total number of possible subjects. The sample was chosen
using a random number generator from approximately 6,500 possible subjects, with replacement
(n = 14) for charts with significant missing data (i.e., diagnosis, age, visual acuity) or misfiled
chart. To maintain consistency during data collection and assure accuracy, charts were reviewed
by the author during a one month timeframe, and 10% of the charts were reviewed a second
time, with intra-rater reliability of 95.3%.
Variables and Their Measurements
Over the course of the 15 years included in the study, the intake and exam procedures and
equipment remained similar, with three of four key staff members employed for the entire study
period. During an initial intake, the interviewer asked patients if they had difficulty (yes or no)
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with a specific daily task because of their vision loss using a checklist which remained the same
over 15 years. No response marked in the chart indicated the subject was not experiencing
difficulty with the task or was not currently performing it. The dependent variables were 11 daily
tasks and were categorized into two groups for analyses: self-reported difficulty, and no reported
difficulty or not currently performing. The ADLs included reading (e.g., mail, newspaper, books,
food labels, directions on packages), writing (e.g., checks, letters, signatures, addressing
envelopes, shopping lists), leisure activities (e.g., playing cards, Bingo, board games, musical
instruments, watching television, playing sports), self-care (e.g., medication management,
mending, combing hair, applying make-up, shaving), meal preparation (e.g., setting appliance
dials, slicing, using the oven/stove), glare (indoor, outdoor, task, ambient), functional mobility
(e.g., stairs, curbs, obstacles, crossing streets), dialing the telephone (rotary, push button, or cell
phone), shopping (e.g., drug store, grocery store, department stores, mall), driving (e.g., reading
signs, seeing speedometer or gages), and using the computer (e.g., seeing the monitor, keyboard,
mouse arrow).
Independent variables were obtained from information collected from the low vision
intake and physician examination from the patient’s initial appointment at the clinic. The gender
variable had two categories: male and female. Subjects were divided into four categories by age,
similar to the Canadian descriptive study by Elliott et al. (1997), younger adults ages 19-64, and
three groups of older adults ages 65-74, 75-84, and 85 years and older. Two groups of years,
each containing 100 subjects, were used for this study: (1) earlier time period (1997-2003), and
(2) later time period (2007-2012).
The pattern of vision loss (central, or peripheral/non-specified) was classified for the
study by an ophthalmologist and based on the primary eye disease causing the low vision. Prior
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to classification of subjects into one of the pattern of vision loss categories, an ophthalmologist
classified each disease into one of the two groups, which was recorded in the procedure manual.
Many patients are self-referred or referred from community ophthalmologists; therefore,
medications used in the retinal treatments or clinical trials were not known. Visual acuity,
measured with the Early Treatment Diabetic Retinopathy Study (ETDRS) chart, and/or
remaining visual field, measured with a Goldmann visual field test, was recorded in the chart
during the exam, and used to categorize level of visual impairment. Legally blind subjects with
visual acuity of 20/200 or less in the better eye or 20o or less visual field were classified as
“severe” visual impairment and those subjects with vision better than 20/200 were classified as
“better than severe” vision impairment. Contrast sensitivity, measured with one of two
standardized, comparable charts (the Pelli-Robson or Vistech chart) (Leat & Woo, 1997; Rubin,
1988), was performed by the physician according to the usual standard of practice (distance,
height, light, etc.). Classification of the severity of the contrast sensitivity impairment was
recorded categorically in the chart during physician’s exam. Over the 15-year time period, four
physicians have tested vision and recorded information in the charts. One ophthalmologist
worked continuously throughout the two time periods, and three optometrists worked for
consecutive years during one of the time periods. To understand the complexity of the population
better and to examine the subject’s visual function, the categories of visual and contrast
sensitivity impairments (Fletcher & Schuchard, 2006) were combined, creating a “visual
function” variable for analyses, using four categories:
1. Better: Better than Severe Visual Impairment – Better than Severe Contrast
Sensitivity,
2. Mixed: Better than Severe Contrast Sensitivity – Severe Visual Impairment,
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3. Mixed 2: Severe Contrast Sensitivity – Better than Severe Visual Impairment, and
4. Severe: Severe Contrast Sensitivity – Severe Visual Impairment.
Nine possible chronic conditions, recorded on the paper data extraction form, included
amputation, arthritis, cardiac (excluding hypertension and high cholesterol), chronic pain,
diabetes, hearing, respiratory disease (including asthma, emphysema, and chronic pulmonary
obstructive disease), stroke, and tremors. The total number of chronic conditions was counted
and recorded for each patient as was done in previous studies (Dunlop, Manheim, Sohn, Liu, &
Chang, 2002; Hung, Ross, Boockvar, & Siu, 2011; Yorke, Curtis, Shoemaker, & Vangsnes,
2015). Subjects were classified into two groups: no multimorbidity (one or less chronic
condition), or multimorbidity (two or more chronic conditions). Previous research has indicated
there are inconsistent definitions of visual impairment, based on measures found in public health
system data, which complicates classifying visual impairment as a chronic condition (Goodman,
Posner, Huang, Parekh, & Koh, 2013); therefore, in this study, visual impairment was not
classified as a chronic condition.
Data Analyses
A power calculation was completed to estimate the sample size required for a two-sided
alpha level of 0.05. Pearson’s chi-square tests, with Fisher’s Exact test used when expected
counts were fewer than 5, were completed to determine the associations between variables.
Statistical analyses were performed with IBM SPSS Statistics for Windows, Version 22.0
(2013).
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Results
Bi-Variable Analyses
Descriptive statistics for gender, age, patterns of vision loss, and level of visual
impairment are presented in Table 2.1. The category of central vision loss included 128 subjects
(64%) with the following diseases: age related macular degeneration (n = 117, 58.5%), macular
edema (n = 2, 1%), retinal telangiectasia n = 2 (1%), macular hole (n = 1, .5%), plaquenil
retinopathy (n = 1, .5%), choroquine retinopathy (n = 1, .5%), myopic degeneration (n = 1, .5%),
Stargardt’s Disease (n = 1, .5%), toxoplasmosis (n = 1, .5%), and ischemic maculopathy (n = 1,
.5%). The category of peripheral/non-specified patterns of vision loss included 72 subjects (36%)
with diabetic retinopathy (n = 25, 12.5%), glaucoma (n = 11, 5.5%), vessel occlusion (n = 10,
5%), cerebral vascular accident (n = 6, 3%), retinitis pigmentosa (n = 1, .5%), retinal detachment
(n = 1, .5%), uveitis (n = 1, .5%), traumatic brain injury (n = 1, .5%), corneal dystrophy (n = 1,
.5%), brain tumor or surgery (n = 1, .5%), sickle cell anemia (n = 1, .5%), ocular albinism (n = 1,
.5%), optic neuritis (n = 1, .5%), optic neuropathy (n = 1, .5%), and optic atrophy (n = 1, .5%).
While Pearson’s chi-square tests revealed no statistically significant differences in the
distribution of gender (x2 = .022(1), p = .883), age (x2 = .2 24(3), p = .524), patterns of vision
loss (x2 = 2.170(1), p = .141), or multimorbidity status (x2 = .88(1), p = .767) between the two
time periods, testing showed a statistically significant lower level of both the severity of visual
impairment (x2 = 30.943(1), p < .001) and contrast sensitivity impairment (x2 = 22.820(1), p <
.001) in subjects in the later time period when compared to the earlier time period. Twelve charts
were missing contrast sensitivity measurements and were eliminated from further analyses
(earlier time period: n = 6, later time period: n = 6).
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Table 2.1
Descriptive Characteristics of Adults Receiving a Comprehensive Low Vision Exam at Henry
Ford Health System-Center for Vision and Neuro Rehabilitation (HFHS-CVR) by Time
Periods (1997-2003 vs. 2007-2012)

Total Mean (%)

Earlier Time
Period
(1997-2003)

Later Time
Period
(2007-2012)

Gender, n = 200
Male
Female
Total

71 (35.5%)
129 (64.5%)
200 (100%)

36 (36%)
64 (64%)
100 (100%)

35 (35%)
65 (65%)
100 (100%)

Age Groups, n = 200
18-64 years old
65-74 years old
74-84 years old
≥ 85 years old
Total

36 (18%)
36 (18%)
81 (40.5%)
47 (23.5%)
200 (100%)

15 (15%)
16 (16%)
44 (44%)
25 (25%)
100 (100%)

21 (21%)
20 (20%)
37 (37%)
22 (22%)
100 (100%)

Patterns of Vision Loss,
n = 200
Central Vision Loss
Peripheral and Nonspecified Patterns of
Vision Loss
Total
Visual Impairment, n = 200
Better than Severe
Severe
Total
Contrast Sensitivity
Impairment, n = 188
Better than Severe
Severe
Total
Multimorbidity Status,
n = 200
No multimorbidity
Multimorbidity
Total

128 (64%)
72 (36%)

69 (69%)
31 (31%)

59 (59%)
41 (41%)

200 (100%)

100 (100%)

100 (100%)

87 (43.5%)
113 (56.5%)
200 (100%)

24
76
100 (100%)

63
37
100 (100%)

114 (60.6%)
74 (39.4%)
188 (100%)

70 (35%)
130 (65%)
200 (100%)

41 (41%)
53 (53%)
94 (100%)

36 (36%)
64 (64%)
100 (100%)

Pearson’s
Chi-square
Test (df)

p-value

.022 (1)

.883

2.24 (3)

.524

2.17 (1)

.141

30.94 (1)

<.001

22.82 (1)

<.001

.88 (1)

.767

73 (73%)
21 (21%)
94 (100%

34 (34%)
66 (66%)
100 (100%)

Visual Impairment
Visual function, the combination visual and contrast sensitivity impairment (Fletcher &
Schuchard, 2006), was used to understand the changes between the time periods and in self-
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reported difficulty in daily tasks. Pearson’s chi-square testing showed a statistically significant
lower level of severity in the earlier time period compared to the later time period (see Table
2.2), x2 = 34.81 (3), p < .001. In the later time period, the number of subjects in the “Better”
visual function group increased by 38.3%, and the number of subjects in the “Severe” visual
function group decreased by 33%. The “Mixed 2” group (better than severe visual impairmentsevere contrast sensitivity impairment group) was eliminated from further analysis due to the
small and almost equal number of subjects in the two time periods (“earlier” n = 5 and “later”
n = 4).

Table 2.2
Association Between Visual Function and Time Periods (1997-2003 vs. 2007-2012),
HFHS-CVR, n = 188
Visual Functiona Group

Total (%)

Earlier Time Period
1997-2003

Later Time Period
2007-2012

Better Group:
Better than Severe CS and VI

70 (37.2%)

17 (18.1%)

53 (56.4%)

Mixed 1 Group:
Better than Severe CS/Severe VI

44 (23.4%)

24 (25.5%)

20 (21.3%)

Mixed 2 Groupb:
Severe CS/ Better than Severe VI

9 (4.5%)

5 (5.3%)

4 (4.3%)

65 (32.3%)

48 (51.1%)

17 (18.1%)

188 (100%)

94 (100%)

94 (100%)

Severe Group:
Severe CS and Severe VI
Total

Note. Pearson’s chi-square test, Fisher’s Exact test: x2 = 34.81, p = < .001.
a
Visual Function: Combined Variable of Contrast Sensitivity Impairments (CS) and Vision Impairments (VI).
b
The Mixed 2 Group was eliminated from some analyses due to the small size.

Self-Reported Difficulties
In spite of the improvement in visual function over time, Pearson’s chi-square tests
showed no statistical difference between the two time periods in the percentage of people who
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reported difficulty with reading (Fisher’s Exact, p = .621), leisure activities (x2 = .022(1), p =
.883), mobility (x2 = 1.407(1), p = .236), dialing the phone (x2 = .023(1), p = .879), and glare
(x2 = 1.496(1), p = .221) (see Table 2.3). When comparing the earlier to the later time period,
Pearson’s chi-square analysis revealed a statistically significant lower percentage of people
reporting difficulty with three daily tasks: writing (16% lower) (x2 = 5.255(1), p = .022),
shopping (16% lower) (x2 = 5.980(1), p = .014), and self-care (4% lower) (x2 = 6.490(1), p =
.011), and a higher percentage of subjects reporting difficulty with meal preparation (5% higher)
(x2 = 4.511(1), p = .034), computer use (11% higher) x2 = 7.037(1), p = .008), and driving (22%
higher) (x2 = 15.125(1), p < .001). Because shopping and computer use each contained less than
8% of the sample population in one of the two time periods, these daily tasks were eliminated
from further analyses in this study. When considering only the level of visual function and daily
task, a statistically significant higher percentage of individuals were reporting difficulty as visual
function became more compromised for writing (x2 = 13.94 (2), p = .001), self-care (x2 = 30.08
(2), p < .001), and meal preparation (x2 = 13.66 (2), p = .001), but a statistically significant lower
number of people reported difficulty driving (x2 = 35.01 (2), p < .001) (see Table 2.4).
Because other physical conditions can affect the performance of daily tasks, further
analyses were completed to examine the differences in the relationships between multimorbidity
status and visual function in the two time periods (see Table 2.5). When comparing the earlier to
the later time period, there was a statistically significant lower number of subjects with
multimorbidity reporting difficulty with writing (x2 = 6.23(1), p = .013), and a lower percentage
with no multimorbidity reporting difficulty with self-care (x2 = 5.80 (1), p = .016). When
considering driving, a statistically significant higher percentage of people were reporting
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difficulty in the later time periods in both those with no multimorbidity (x2 = 12.59 (1), p < .001)
and multimorbidity (x2 = 4.68 (1), p = .031).

Table 2.3
Difficulty With Daily Tasks by Time Periods (1997-2003 vs. 2007-2012), HFHS-CVR, N = 200

Daily Task Reported
as Difficult

Total Mean
Reporting
Difficulty
(%)

Earlier Time
Period
1997-2003 n =
100

Later Time
Period
2007-2012
n = 100

Pearson’s Chisquare Test (df)

p-value

Reading

196 (98%)

99

97

a

.621a

Leisure Activities

127 (63.5%)

64

63

.02 (1)

.883

Mobility

70 (35%)

31

39

1.41 (1)

.236

Dialing the Phone

63 (31.5%)

31

32

.02 (1)

.879

Glare

62 (31%)

35

27

1.50 (1)

.221

Writing

116 (58%)

66

50

5.26 (1)

.022

Self-Care

104 (52%)

61

57

6.49 (1)

.011

Shopping

28 (14%)

20

8

5.98 (1)

.014

Meal Preparation

95 (47.5%)

55

60

4.51 (1)

.034

Driving

40 (20%)

9

31

15.13 (1)

<.001

Computer Use

19 (9.5%)

4

15

7.04 (1)

.008

a

Fisher Exact test value.

Table 2.4
Association of Difficulty With Daily Tasks by Level of Visual Function, HFHS-CVR, n = 179
Daily Task Reported as
Difficult (total number
reporting difficulty)

Better Visiona
n = 70 (%)

Mixed
Vision 1b
n = 44 (%)

Severe Visionc
n = 65 (%)

Pearson’s Chisquare Test (df)

p-value

Writing (n = 104)

29 (41.4%)

28 (63.6%)

47 (72.3%)

13.94 (2)

.001

Self-Care (n = 96)

21 (30%)

25 (56.8%)

50 (76.9%)

30.08 (2)

<.001

Meal Preparation (n = 85)

22 (31.4%)

22 (50%)

41 (63.1%)

13.66 (2)

.001

Driving (n = 35)

29 (41.4%)

3 (6.8%)

3 (4.6%)

35.01 (2)

<.001

a

Better Vision: Better than Severe Contrast Sensitivity and Visual Impairment.
Mixed Vision 1: Better than Severe Contrast Sensitivity and Severe Visual Impairment.
c
Severe Vision: Severe Contrast Sensitivity and Severe Visual Impairment.
b
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Table 2.5
Association Between Difficulty With Daily Tasks and Multimorbidity Status by Time Periods,
HFHS-CVR, N = 200

Multimorbidity
Statusa

Mean
Reporting
Difficulty
(%)

Earlier Time
Period
1997-2003
n = 100

Later Time
Period
2007-2012
n = 100

Pearson’s
Chi-square
Test (df)

p-value

No Multimorbidity

43 (61.4%)

23 (63.9%)

20 (58.8%)

.19 (1)

.663

Multimorbidity

73 (56.2%)

43 (67.2%)

30 (45.5%)

6.23 (1)

.013

Meal
Preparation

No Multimorbidity

33 (47.1%)

21 (58.3%)

12 (35.3%)

3.73 (1)

.054

Multimorbidity

62 (47.8%)

34 (53.1%)

28 (42.4%)

1.49 (1)

.222

Self-Care

No Multimorbidity

33 (47.1%)

22 (61.1%)

11 (32.4%)

5.80 (1)

.016

Multimorbidity

71 (54.6%)

39 (60.9%)

32 (48.5%)

2.03 (1)

.154

No Multimorbidity

21 (30%)

4 (11.1%)

17 (50%)

12.59(1)

<.001

Multimorbidity

19 (14.6%)

5 (7.8%)

14 (21.2%)

4.68 (1)

.031

ADL Reported
as Difficult
Writing

Driving

a

No multimorbidity: 0-1 chronic conditions, n = 70; Multimorbidity: 2 or more chronic conditions, n = 130.

Discussion
Nearly 60% of subjects in this study were diagnosed with age-related macular
degeneration, a number slightly lower than the studies in Canada (75%) (Elliott et al., 1997), and
Australia (70%) (Wolffsohn & Cochrane, 1999), but higher than the 2012 U.S. study (48%)
(Goldstein et al., 2012). One previously published descriptive study examining trends found an
increase in older adults and age-related macular degeneration from 1972-1996 (Wolffsohn &
Cochrane, 1999), and another using a similar time frame (1973-2003) reported statistically
comparable rates (Crossland & Silver, 2005), similar to this dissertation study. This study found
that visual acuity and contrast sensitivity were less compromised in the later time period, even
though subjects were reporting difficulty with 8 of the 11 daily tasks at statistically equal or
higher rates. There could be several reasons this study showed a lower percentage of patients
with severe visual function. For example, it is possible that patients were referred for a
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comprehensive low vision exam earlier in the disease process, accounting for better vision and
contrast sensitivity in the later time period, or that different retinal treatments (CATT Research
Group et al., 2011; Çekiç, Chang, Tseng, Barile, Del Priore, et al., 2005) were affecting the
results, but this study could not substantiate these associations because there was no access to
medical records outside of Henry Ford Health System.
In this study, there were fewer people reporting difficulty with writing and self-care, and
more people reporting difficulty with meal preparation and driving. The HFHS Center for Vision
and Neuro Rehabilitation could have become better known over time for services and assistance
to adults with visual impairments causing persons with low vision to seek help with early vision
impairment, or physicians in metropolitan Detroit were referring patients earlier for vision
rehabilitation when patients report difficulties with daily tasks. Reported difficulty could also be
related to the specific daily task and level of vision loss. For instance, more people with mild
vision impairment reported difficulty driving. As vision worsens, it is possible individuals with
severe visual impairments may have already discontinued driving, which has been reported in
other studies investigating self-regulation of driving behaviors by individuals with vision
problems (Ewert et al., 2004; Lyman, McGwin, & Sims, 2001; Ragland, Satariano, & MacLeod,
2004; West et al., 2003). These changes may also be a related to multimorbidity status. Older age
and an increased number of chronic conditions were related to a statistically significant increase
in self-reported driving difficulty which is consistent with previously published studies (Gilhotra,
Mitchell, Ivers, & Cumming, 2001; Wood & Mallon, 2001). In this study, a lower percentage of
subjects who had no multimorbidity reported difficulty with self-care and driving. This finding
could be because subjects no longer performed the task, which was not differentiated in the chart
from having no difficulty.
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Limitations and Strengths
There are several limitations to this study, including generalization of results which may
be limited to areas with similar demographics or metropolitan areas since the study sample was
taken from one center. In this study’s sample population, there were 35 different diseases (see
Table 2.1) causing visual impairment, limiting analyses of the data based on the disease causing
low vision. Furthermore, the information in the medical chart did not distinguish between those
who were having no difficulty and those who were no longer doing the daily task, limiting
analyses and results to only the group of subjects having difficulty. The statistical analyses were
impacted by the small sample size, limiting the stratification of some variables. Perhaps due to
the small sizes of the subgroups, multiple regression models were ineffective in predicting the
visual factors that may influence functional changes between the two time periods, and
accounted for only a small amount of variance in the data (data not shown).
In addition, this study used both self-reported and quantitatively measured data. Previous
research has suggested self-reported data can be less reliable, and they are often used in low
vision rehabilitation studies to determine visual impairment (Berger & Porell, 2008; Campbell &
Crews, 2001; Crews & Campbell, 2004; Crews et al., 2005). This dissertation study used
quantitative measures to determine the level of visual impairment, and self-reported questions to
determine limitations with daily tasks. Reluctance to admit one’s own problems could result in
underreporting and influence results (Chan, 2009; Kayes & McPherson, 2010; Knäuper &
Turner, 2003; Kriegsman, Penninx, Van Eijk, Boeke, & Deeg, 1996). This study’s sample,
though, included individuals seeking assistance from the vision rehabilitation center because of
their visual impairment and/or because of functional difficulties that they, a family member, or a
physician had previously recognized. There is no reason to believe there was a difference in
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underreporting between the two time periods in this study. Difficulty recalling the frequency of
an event in the past is another limitation with self-reported data (Chan, 2009; Kayes &
McPherson, 2010; Kimberlin & Winterstein, 2008). In this study, patients were asked if they
were having difficulty with a specific daily task due to their vision, not the frequency of the
problem. The use of quantitatively measured visual acuity, visual field, and contrast sensitivity to
determine the level of visual impairment strengthen this study by allowing for specific
comparisons based on clinical measures.
Future Research
Additional research should investigate other factors that could impact a person’s ability to
complete daily tasks, such as demographics, living situation, or social support. The type of
medication or treatments, if any, should also be given regard when examining visual function
and similarities and differences over time in persons with visual impairments due to retinal
diseases. Further studies should examine national data in order to determine if the findings from
this study are consistent across the nation. Results from this study indicate that chronic
conditions in persons with visual impairments are related to the ability to complete some daily
tasks, supporting previously supported studies (Berger & Porell, 2008; Campbell & Crews, 2001;
Crews & Campbell, 2004; Crews et al., 2005), and, therefore, should be considered for future
research.
Conclusion
Based on the self-reported functional limitations over a 15-year time period, a greater
number of individuals with more severe visual function (based on impairments of visual acuity
and contrast sensitivity) reported more difficulty with meal preparation, writing and self-care
tasks. In the later time period, a higher percentage of people reported difficulty driving and
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completing meal preparation, and a lower percentage reported difficulty with writing and selfcare. Equally important, there was no statistical difference in the percentage of subjects from the
earlier time period (1997-2003) to the later time period (2007-2012) who reported difficulty
completing reading tasks, leisure activities, functional mobility tasks, dialing the phone, and
glare issues, although, the subjects were presenting with better vision and better contrast
sensitivity. Over 15 years, patients with less severe visual impairment and less severe contrast
sensitivity loss continue to seek comprehensive low vision services at HFHS Center for Vision
and Neuro Rehabilitation in order to address issues with difficulties with daily tasks. Although it
may not be objectively related to measured visual acuity, adults with low vision are asking for
assistance related to performance of their daily tasks, and physicians and other health
professionals need to be prepared to address these issues or refer the patient for low vision
rehabilitation.
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CHAPTER III
SELF-REPORTED DIFFICULTY WITH DAILY TASKS IN ADULTS,
50 YEARS AND OLDER, WITH VISUAL IMPAIRMENTS,
NHANES, 1999/2000 VS. 2007/2008
Introduction
Of the estimated 3 to 5.5 million Americans who are visually impaired, two-thirds of
these individuals are estimated to have low vision (2 to 4 million) (National Eye Institute [NEI],
2013), defined as vision that is uncorrectable by conventional means (eyeglasses, contacts,
surgery or medication) but causes difficulty with daily living tasks (Corn & Lusk, 2010). Adults
aged 50 years and older are the fastest growing segment of the population with vision
impairment in the United States (Centers for Disease Control and Prevention [CDC], 2009; NEI,
2013) caused by diseases such as macular degeneration, diabetic retinopathy and glaucoma
(CDC, 2011). As the aging population increases (Ortman, Velkoff, & Hogan, 2014), the number
of new cases of visual impairment will increase by approximately 40,000 each year through the
year 2025 (Massof, 2002), doubling the number of Americans with vision impairment (CDC,
2009, 2011; Desai, Pratt, Lentzner, & Robinson, 2001).
As the number of visually impaired older adults has escalated, (CDC, 2009, 2011; Desai
et al., 2001; NEI, 2013), new medical technologies to treat vision loss have evolved (American
Academy of Ophthalmology Retina/Vitreous Panel, 2015, 2016; Hooper & Guymer, 2003; Mogk
& Goodrich, 2004); however, little research has examined changes in difficulty completing daily
tasks in this population (Crossland & Silver, 2005; Wolffson & Cochrane, 1999). Studies have
found that visual acuity deficits are associated with increased difficulty completing functional
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tasks required for independent living, such as reading (West et al., 2002), driving (Freeman,
Munoz, Turano, & West, 2006; Rubin, Roche, Prasada-Rao, & Fried, 1994; Wood & Mallon,
2001), preparing meals (Lamoureux, Hassell, & Keeffe, 2004; Rubin et al., 1994), and mobility
tasks, including shopping (Lamoureux et al., 2004; Rubin et al., 1994; West et al., 2002);
however, there is a gap in the literature examining changes over time. Comparing similar time
periods, two studies analyzed trends in adults seeking services from low vision clinics in
Australia (1972-1996; Wolffsohn & Cochrane, 1999) and England (1973-2003; Crossland &
Silver, 2005), with one finding a higher percentage of older adults and individuals with macular
disease (Wolffsohn & Cochrane, 1999), and the other study reporting no statistical differences
over time between the percentages of older adults or persons with macular disease (Crossland &
Silver, 2005). Neither study examined functional limitations over time. Because the population
with vision impairment and treatments for eye diseases have changed, it is critical for vision
rehabilitation clinicians to understand if and how function has changed; yet no studies have
examined this in the United States.
The aim of this study to use national, population-based publicly available survey data to
examine visual impairment among older adults (age ≥50 years) in the United States, and the
association with the functional activities of reading, driving, preparing meals, and going out to
events in the community such as shopping, movies or sporting events. The Chapter II study
examined adults with visual impairments at a large vision rehabilitation center in Michigan, and
this study will compare two time periods to examine changes over time using the National
Health and Nutrition Examination Survey (NHANES). In the years 1999-2008, NHANES
included a vision questionnaire and vision examination that quantitatively measures visual
acuity, unlike other U.S. population-based surveys such as National Health Interview Survey,
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National Health and Retirement Survey, and Behavioral Risk Factor Surveillance System, which
classify vision impairment using self-reported measures. Given this design, NHANES data can
be used to address whether the relationships between vision impairment and a person’s ability to
complete daily tasks is changing over time.
Methods
Design
The study is designed as a retrospective, cross-sectional review of individuals with visual
impairments using data from NHANES. Approval for the study was granted from the human
subject’s institutional review boards from Western Michigan University and Henry Ford Health
System.
Subjects
The study sample was chosen from adults, age 50 years and older, who participated in the
National Health and Nutrition Examination Survey (NHANES) during the two survey cycle
years of 1999/2000 (hereafter referred to as earlier time period) and 2007/2008 (hereafter
referred to as later time period). The NHANES survey is administered to a non-institutionalized,
representative sample of approximately 10,000 individuals in each two-year cycle by the Centers
for Disease Control and Prevention (CDC) National Center of Health Statistics (NCHS) (n.d.)
(CDC, 2015; Curtin et al., 2012; Curtin et al., 2013; Johnson et al., 2013). All data are deidentified by the CDC-NCHS to maintain the anonymity of participants (Curtin et al., 2012;
Curtin et al., 2013). NHANES data were collected through interviews, including demographic,
medical, socioeconomic, dietary, and self-rated health questions, and through examination
measures, including medical, vision, dental, and physiological tests (Curtin et al., 2012; Curtin
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et al., 2013). Data were saved in multiple datasets based on the interview or examination topic,
and merged so that multiple years containing the same variables of interest could be analyzed.
Adults, aged 50 years and older, were considered for inclusion in this study (n = 20,114;
earlier time period N = 9965, later time period N = 10,149). Following protocols used in previous
studies using national public datasets, four subjects were excluded from the study because they
had a current severe infection in one eye during the measurement period (Zhang et al., 2013).
Because the aim of the study was to examine individuals with visual impairment, which is
usually determined using best corrected visual acuity measurements (wearing eyeglasses or
contact lenses), those subjects who did not bring glasses or contact lenses were excluded (n =
144). NHANES research staff measured presenting visual acuity using an autorefractor with
built-in visual acuity charts. Visual acuity was recorded based on the last line in which the
participant read four or more characters correctly. Subjects who had a corrected, presenting
visual acuity of 20/50 or worse (Vitale, Cotch, & Speduto, 2006), or a visual acuity of 20/40
combined with self-rated vision as “poor” or “very poor” (Steinman & Allen, 2011) were
included in the study (n = 470). Visual acuity of 20/40 or better is used as criteria in many states
for a driver’s license (Owsley, McGwin, & Searcey, 2012), and this multi-level criterion for
visual acuity may allow inclusion of individuals with better acuity, but visual field or contrast
sensitivity deficits, which are deficits not reflected in visual acuity measurements.
Variables and Their Measurement
The variables chosen for this study included questions contained in both of the NHANES
survey cycles, 1999/2000 (earlier time period) and 2007/2008 (later time period), because the
vision module, including the questionnaire and examination measures, were administered for
these two time periods (CDC, 2015). These time periods allow a demarcation in years when new
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medical technologies evolved and became the standard of care to treat some diseases (American
Academy of Ophthalmology, 2015, 2016; Hooper & Guymer, 2003), such as macular
degeneration and diabetic retinopathy. In addition, these time periods are similar to the Chapter
II study examining the changes in adults at a vision rehabilitation center in Michigan (from a
1997-2003 time period to a 2007-2012 time period). Furthermore, this study’s independent
variables included age, gender, number of chronic conditions (excluding vision impairment), and
distance visual acuity measures. Age was a categorical variable because, to protect participants’
identities, NHANES records the ages of individuals 80 years and older as “80” in the earlier time
period (1999/2000), and in later time period (2007/2008), those participants 85 years and older as
“85” (Curtin et al., 2012; Curtin et al., 2013). For this study, participants were classified into two
age groups: 50-74 years and 75 years and older.
Level of visual impairment was determined based on objective visual acuity measured
using an autorefractor with the subject wearing his or her correction. For this study, mild/
moderate vision impairment included participants with visual acuity of 20/40 (The Eye Diseases
Prevalence Research Group, 2004; Ko et al., 2012; Vitale et al., 2006; Zhang et al., 2008) to
better than 20/200, and participants with visual acuity of 20/200 or worse were classified as
severe vision impairment (Zhang et al., 2008).
Because multimorbidity, defined as two or more chronic conditions, increases with age
(Salive, 2013; Ward & Schiller, 2013; Ward, Schiller, & Goodman, 2014), and because visual
impairment and one other chronic condition is associated with decreased function (Crews, Jones,
& Kim, 2006; Crews, Valluru, & Campbell, 2005), chronic conditions were considered as
variables for this study. Based on several studies examining chronic conditions (Court, McLean,
Guthrie, Mercer, & Smith, 2014; Goodman, Posner, Huang, Parekh, & Koh, 2013; Ward &
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Schiller, 2013; Ward et al., 2014), eight physical conditions, all with the potential to impact daily
functioning, were identified in the data and chosen for this study: arthritis, chronic kidney
disease, diabetes, osteoporosis, hearing loss, cardiac problems (including congestive heart
failure, coronary artery disease, heart attack, and cardiac arrhythmia) respiratory problems
(including asthma, emphysema, chronic bronchitis), and stroke. The total number of chronic
conditions were counted and participants were categorized into two groups: no multimorbidity
(0-1 chronic conditions) and multimorbidity (2 or more chronic conditions), similar to the study
by Salive (2013).
The four dependent variables of reading the newspaper (hereafter referred to as reading),
driving during the daytime (hereafter referred to as driving), preparing meals, and participating
in events in the community, are similar to the functional tasks used during the previous study.
Table 3.1 indicates the survey questions that were used for the dependent variables indicating
self-reported difficulty with ADLs and the questions used to tally the number of chronic
conditions. A subject was classified as “reporting difficulty” if the person rated themselves as
having any level of difficulty for the specific task (i.e., little difficulty, moderate difficulty, some
difficulty, much difficulty, or extreme difficulty). Participants who reported they were unable to
complete the task because of their eyesight or other reasons were combined into the “unable”
category. Those participants who refused to answer or reported they “did not know” for the
question relating to the four dependent variables, or who reported “never driving” were excluded
from further analyses.
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Table 3.1
Description of NHANES Questions Used for the Variables of Reading, Driving, Preparing
Meals, Participating in Events in the Community, and Chronic Conditions
Independent Variable

NHANES Question (Database)

Difficulty reading ordinary
newsprint

How much difficulty, if any, {you have/SP has} doing certain
activities, such as reading ordinary newsprint or going down
steps. If {you/s/he} usually wear{s} glasses or contact lenses to
do these activities, please rate {your/his/her} ability to do them
while wearing {your/his/her} glasses or contacts. How much
difficulty {do you/does SP} have . . . reading ordinary print in
newspapers?
(Vision Questionnaire)

Difficulty driving daytimefamiliar place

How much difficulty {do you/does SP} you have driving during
the daytime in familiar places?
(Vision Questionnaire)

Preparing meals

By {yourself/himself/herself} and without using any special
equipment, how much difficulty {do you/does SP} have preparing
{your/his/ her} own meals?
(Physical Functioning Questionnaire)

Participating in events in
community

By {yourself/himself/herself} and without using any special
equipment, how much difficulty {do you/does SP} have going out
to things like shopping, movies, or sporting events?
(Physical Functioning Questionnaire)

Chronic Conditions:
Respiratory Conditions, Cardiac
conditions, Arthritis, Diabetes,
Osteoporosis, Stroke,
Chronic Kidney Problems

Has a doctor or other health professional ever told {you/SP} that
{you have/s/he/SP has} {asthma, emphysema, chronic bronchitis,
arthritis, congestive heart failure, coronary heart disease, angina
stroke, diabetes, osteoporosis, chronic kidney problems}?
(Physical Functioning Questionnaire)

Hearing loss

(a) Which statement best describes {your/SP’s} hearing (without
hearing aid)? Would you say …that {you have/s/he has}… a lot
of trouble or {are you/is s/he} deaf?
(Audiometry Questionnaire)
(b) Have you ever worn a hearing aid?
(Audiometry Questionnaire)

(Centers for Disease Control and Prevention (CDC), National Center for Health Statistics (NCHS), 19992008)

Data Analyses
Bi-variable relationships between gender (2 groups), age (50-74 years and ≥75 years) and
the number of chronic conditions, excluding visual impairment (2 groups: multimorbidity and no
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multimorbidity), level of visual impairment (mild/moderate and severe), and levels of functional
difficulties (no difficulty, difficulty, and unable for reading, driving, preparing meals, and
participating in events in the community) were examined for changes between the earlier time
period (1999/2000) and the later time period (2007/2008). Statistical analysis was completed
using IBM SPSS Statistics for Windows, Version 23.0 (2015). A two-sided alpha level of .05
was used for determining significance of results of statistical analyses. Logistic regression
models included variables that are found to have significant associations with visual
impairments, or time period, or that were found to be confounding variables.
Result
Bi-Variable Analyses
Table 3.2 shows the descriptive characteristics of the population, including the
differences between the two time periods. There were 470 subjects, 199 in the earlier time period
and 271 in the later time period, who met the inclusion and exclusion criteria for the study. The
study sample was predominantly female (55.1%, n = 259) and between the ages of 50-74 years
(55.1%, n = 259). As shown in Table 3.2, there was a statistically significant higher percentage
of subjects with mild to moderate vision impairment in the earlier time period (82.8%, n = 165)
compared to the later time period (90.4%, n = 245), x2 = 5.78 (1), p = .016.
Approximately 75% of subjects had no (n = 106, 24.7%), one (n = 105, 24.4%) or two
(n = 106, 24.7%) chronic conditions. Another 16.9% of subjects (n = 72) had three chronic
conditions, and the remaining 9.5% of the subjects had four or more chronic conditions (n = 41).
Two groups were used for further analyses of chronic conditions: no multimorbidity (n = 211,
49.1%) and multimorbidity (n = 219, 50.9%) (see Table 3.2), and the Pearson’s chi-square test
showed there were no statistically significant differences between the two groups when
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comparing the two time periods, x2 = 3.579 (1), p = .059. Pearson’s chi-square test indicated
there was statistically significant difference in multimorbidity status between males and females,
x2 = 7.16 (1), p = .007. There was a higher percentage of females (n = 259, 55.1%), and more
individuals with multimorbidity (n = 134, 61.2%). More adults in the older age group (75 years
and older) reported having multimorbidity (n = 123, 56.2%), x2 = 22.94 (1), p < .001. When
examining bi-variable relationships with multimorbidity status, there was a higher percentage of
females with multimorbidity when comparing the earlier time period (48.3%, n = 102) to the

Table 3.2
Descriptive Statistics of Gender, Age, Level of Visual Impairment, and Multimorbidity Status for
Adults With Visual Impairment by Two Time Periods, NHANES Survey Cycles 1999/2000 vs.
2007/2008, N = 470

Total Mean
(%)

Earlier Time
Period
1999/2000

Later Time
Period
2007/2008

Gender, n = 470
Male
Female
Total

211 (44.9%)
259 (55.1%)
470 (100%)

97 (48.7%)
102 (51.3%)
199 (100%)

114 (42.1%)
157 (57.9%)
271 (100%)

Age Groups, n = 470
50-74 years
≥ 75 years
Total

259 (55.1%)
211 (44.9%)
470 (100%)

112 (56.3%)
87 (43.7%)
199 (100%)

147 (54.2%)
124 (45.8%
271 (100%)

Levels of Visual Impairment,a
n = 470
Mild/Moderate impairment
Severe impairment
Total

410 (87.2%)
60 (12.8%)
470 (100%)

165 (82.8%)
34 (17.1%)
199 (100%)

245 (90.4%)
26 (9.6%)
271 (100%)

Multimorbidity Status,b n = 430
No multimorbidity
Multimorbidity
Total

211 (49.1%)
219 (50.9%)
430 (100%)

98 (54%)
82 (45.6%)
180 (100%)

113 (45.2%)
137 (54.8%)
250 (100%)

a

Pearson’s
Chi-square
Test (df)

p-value

2.07

.150

.19 (1)

.661

5.78 (1)

.016

3.58 (1)

.059

Visual Impairment, based on visual acuity: Mild/Moderate impairment includes visual acuity of 20/40 to better
than 20/200; Severe impairment includes visual acuity of 20/200 or worse.
b
Multimorbidity Status: No multimorbidity is 0-1 chronic conditions; Multimorbidity is 2 or more chronic
conditions.
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later time period (61.2%, n = 134), x2 = 7.19 (1), p = .007. There was also higher percentage of
individuals aged 75 years and older who have multimorbidity when comparing the earlier time
period (32.2%, n = 68) to the later time period (56.2%, n = 123), x2 = 24.94 (1), p < .001. These
differences in the relationships between the variables of gender and age with multimorbidity
status indicate that these variables should be controlled for during logistic regression modeling.
Self-Reported Difficulty
Self-reported difficulty of four functional tasks (reading, driving, preparing meals, and
participating in events in the community) was examined to determine the differences between the
two time periods. Pearson’s chi-square tests revealed there were no statistically significant
differences, when comparing the earlier and later time periods, in the percentage of subjects
reporting difficulty with reading the newspaper, x2 = 2.39 (1), p = .303, ns (earlier: 42.2%, n =
84; later: 38%, n = 103), driving in the daytime, x2 = 3.99 (1), p = .262, ns (earlier: 5.5%, n = 11;
later: 7.4%, n = 20), preparing meals, x2 = 0.58 (1), p = .748, ns (earlier: 13.5%, n = 25; later:
14.2 %, n = 33), and participating in events in the community, such as shopping, movies or
sporting events, x2 = 2.34 (1), p = .310, ns (earlier: 21.7%, n = 40; later: 25.1%, n = 58). Table
3.3 illustrates the differences between the levels of difficulty when comparing those adults with
mild/moderate vision impairment to those adults with severe visual impairment.
When examining the functional tasks and considering the differences in age groups (5074 years vs. 75 years and older) between the two time periods, no differences were found, except
in participating in events in the community. There was a statistically significant higher
percentage of 50-74 year olds reporting difficulty participating in events in the community
(earlier: 19.6%, n = 19; later: 29.2%, n = 35), and a lower percentage reporting they are unable to
complete the task (earlier: 9.3%, n = 9; later: 1.7%, n = 2), x2 = 8.48 (2), p = .014. When
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Table 3.3
Descriptive Statistics of Self-Reported Functional Difficulties of Adults With Visual Impairment
by Level of Vision Impairment, Based on Visual Acuity, NHANES 1999/2000 vs. 2007/2008,
N = 470

Reading
No Difficulty
Reports Difficulty
Unable
Total
Driving in the daytime
No Difficulty
Reports Difficulty
Unable
Never drove
Total
Preparing meals
No Difficulty
Reports Difficulty
Unable to do
Total
Participating in Events in
the Community
No Difficulty
Reports Difficulty
Unable to do
Total

Total Mean
(%)

Mild/Moderate
Impairmenta

229 (48.7%)
187 (39.8%)
54 (11.5%)
470 (100%)

215 (52.4%)
168 (41.0%)
27 (6.6%)
410 (100%)

211 (44.9%)
31 (6.6%)
133 (28.3%)
95 (20.2%)
470 (100%)
341 (81.6%)
58 (13.9%)
19 (4.5%)
418 (100%)

287 (69.2%)
98 (23.6%)
30 (7.2%)
415 (100%)

205 (50%)
29 (7.1%)
96 (23.4%)
80 (19.5%)
410 (100%)
305 (83.8%)
46 (12.6%)
13 (3.6%)
364 (100%)

263 (72.1%)
81 (22.2%)
21 (5.8%)
365 (100%)

Severe
Impairmentb

Pearson’s
Chi-square
Test (df)

p-value

77.47 (2)

<.001

49.48 (3) c

<.001

8.95 (2)c

.011

13.23 (2)c

.001

14 (23.3%)
19 (31.7%)
27 (45%)
60 (100%)
6 (10%)
2 (3.3%)
37 (61.7%)
15 (25%)
60 (100%)
36 (66.7%)
12 (22.2%)
6 (11.1%)
54 (100%)

24 (48%)
17 (34%)
9 (18%)
50 (100%)

a

Mild/Moderate Visual Impairment: 20/40 to better than 20/200.
Severe Visual Impairment: 20/200 or worse.
c
Likelihood ratio used due to small cell size.
b

comparing individuals with no multimorbidity to those with multimorbidity, there was a
statistically significant lower percentage of individuals reporting no difficulty reading, x2 =
22.54(2), p < .001(no multimorbidity: 61.6%, n = 130; multimorbidity: 38.8%, n = 85), driving,
x2 = 14.01(3), p = .003 (no multimorbidity: 54.5%, n = 115; multimorbidity: 37.4%, n = 82),
preparing meals, x2 = 27.09(2), p < .001 (no multimorbidity: 92.7%, n = 166;
multimorbidity:72.2 %, n = 148), and participating in events in the community, x2 = 39.79(2),
p < .001 (no multimorbidity: 84.9%, n = 152; multimorbidity: 55.2%, n = 112), and a statistically
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significant higher percentage of those reporting difficulty or reporting they were unable to
perform these tasks. The relationships between some daily tasks and multimorbidity indicate
chronic conditions should be controlled during logistic regression modeling.
Logistic Regression
Because of differences in associations between the survey time period and the level of
visual impairment, the level of visual impairment and the four functional tasks, chronic
conditions and functional tasks, gender and age groups, all five variables were included in the
logistic regression models. In an effort to build a model to predict the level of difficulty with
reading, driving, preparing meals, and participating in events, two different logistic regression
models were considered: (1) a model for those trying to complete the functional task, with or
without reported difficulty (see Table 3.4), and (2) a model for those who report they are unable
to complete the task (see Table 3.5). Some models were eliminated due to less than10 subjects in
the stratification of some variables (i.e., those trying to drive, those unable to prepare meals and
attend events). As shown in Table 3.4, for adults trying to read the newspaper and participating
in events in the community, individuals with multimorbidity, who are younger, and who
completed the survey in the earlier time period have greater odds of reporting difficulty with the
task when controlling for other variables. For those adults who report they are unable to
complete the task, those with more severe vision impairment have greater odds of reporting they
are unable to read the newspaper when age, gender, survey time period and number of chronic
conditions are controlled (see Table 3.5). When considering individuals who report they are
unable to drive during the daytime, and those adults who completed the survey in the earlier time
period have greater odds of reporting they are unable to complete the task when gender, age,
number of chronic conditions and interactions are controlled for in the model (see Table 3.5). For
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those who are trying to prepare meals, adults with severe vision impairment, multimorbidity, and
are between the ages of 50-74 years have greater odds of reporting difficulty with the task when
gender, survey time period and interactions are included in the model as shown in Table 3.4. The
models, indicated by insignificant Hosemer and Lemeshow values, were a good fit for the data:
(1) trying to read, x2 = 9.17 (7), p = .240; (2) trying to prepare meals, x2 = 6.69 (7), p = .461;
(3) trying to attend events x2 = 1.37 (8), p = .995; (4) unable to read, x2 = 6.23 (8), p = .622; and
(5) unable to drive, x2 = 1.96 (8), p = .982. Based on the log likelihood values (-2LL), overall,
the logistic regression models explained a small amount of variance for trying to read (-2LL =
492.32), preparing meals (-2LL = 266.58), attending events in the community (-2LL = 360.60),
and for adults who reported they were unable to read (-2LL = 233.98), and unable to drive (-2LL
= 387.72).

Table 3.4
Logistic Regression Model for Adults (Age 50 Years and Older) Trying to Completea Functional
Tasks: Level of Vision Impairment, Time Period (Survey Year), Multimorbidity Status, Age,
and Gender, NHANES 1999/2000 vs. 2007/2008, N = 470
Functional
Activity

Variables in Model
(VI: Visual Impairment)

n

Crude Odds Ratio
(95% CI)

Adjusted Odds Ratio
(95% CI)

NHANES Survey Year and Level of VI:c
1999/2000 Mild/Moderate VI
1999/2000 Severe VI
2007/2008 Mild/Moderate VI
2007/2008 Severe VI

157
16
226
17

Referent
1.41 (.499, 3.96)
.77 (.507, 1.15)
1.56 (.57, 4.31)

Referent
1.07 (.34, 3.39)
.63 (.40, .99)
.87 (.29, 2.67)

Multimorbidity Status:d
No multimorbidity
Multimorbidity

65
104

Referent
2.45 (1.62, 3.70)

Referent
3.05 (1.93, 4.82)

50-74years
≥75 years

114
73

1.44 (.97, 2.14)
Referent

2.06 (1.31, 3.25)
Referent

Male
Female

71
116

Referent
1.56 (1.06, 2.32)

Referent
1.41 (.91, 2.17)

Reading the Newspaper,b n = 384

Age Group:

Gender:
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Table 3.4—Continued
Functional
Activity

Variables in Model
(VI: Visual Impairment)

n

Crude Odds Ratio
(95% CI)

Adjusted Odds Ratio
(95% CI)

148
27
203
21

Referent
3.25 (1.23, 8.55)
1.28 (.68, 2.44)
1.81 (.55, 6.03)

Referent
3.61 (1.19, 10.98)
1.23 (.60, 2.53)
2.37 (.64, 8.79)

10
42

Referent
4.71 (2.28, 9.72)

Referent
7.90 (2.50, 24.93)

50-74years
≥75 years

35
23

1.33 (.75, 2.35)
Referent

1.93 (1.01, 3.66)
Referent

Male
Female

25
33

Referent
1.06 (.61, 1.86)

Referent
1.52 (.41, 5.64)

1.43 (1.12, 1.84)

.50 (.11, 2.25)

142
25
202
16

Referent
2.49 (1.02, 6.10)
1.26 (.76, 2.11)
2.90 (1.00, 8.44)

Referent
2.20 (.80, 6.08)
1.00 (.57, 1.76)
2.05 (.51, 8.23)

22
68

Referent
4.20 (2.45, 7.19)

Referent
3.02 (1.01, 9.05)

50-74years
≥75 years

54
44

.97 (.58, 1.63)
Referent

1.19 (.45, 3.12)
Referent

Male
Female

34
64

Referent
1.75 (1.02, 3.01)

Referent
1.40 (.57, 3.45)

1.77 (1.43,2.19)
1.34 (1.10, 1.64)

1.32 (.43, 4.01)
1.40 (.44, 4.39)

Preparing Meals,b n = 366
NHANES Survey Year and Level of VI:c
1999/2000 Mild/Moderate VI
1999/2000 Severe VI
2007/2008 Mild/Moderate VI
2007/2008 Severe VI
Multimorbidity Statusd:
No multimorbidity
Multimorbidity
Age Group:

Gender:

Interaction:
Gender*Multimorbidity Group
Participating in Events in Community,
n=354

b,e

NHANES Survey Year and Level of VI:c
1999/2000 Mild/Moderate VI
1999/2000 Severe VI
2007/2008 Mild/Moderate VI
2007/2008 Severe VI
Multimorbidity Status:d
No multimorbidity
Multimorbidity
Age Group:

Gender:

Interaction:
Gender*Multimorbidity Group
Age*Multimorbidity Group
a

Trying to Complete includes those reporting “no difficulty” and those reporting any level of difficulty.
Model controlled for interaction of gender group * number of chronic condition group.
c
Mild Visual Impairment: 20/40 to better than 20/200; Severe Visual Impairment: 20/200 or worse.
d
Multimorbidity Status: No multimorbidity includes 0-1 chronic conditions; Multimorbidity includes 2 or more
chronic conditions.
e
Model controlled for interaction of age group * number of chronic condition group.
b
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Table 3.5
Logistic Regression Model for Adults (Age 50 Years and Older) Reporting “Unable” to
Complete Functional Tasks: Level of Vision Impairment, Time Period (Survey Year),
Multimorbidity Status, Age, and Gender, NHANES 1999/2000 vs. 2007/2008,
N = 470
Functional
Activity

Variables in Model
(VI: Visual Impairment)

n

Crude Odds Ratio
(95% CI)

Adjusted Odds Ratio
(95% CI)

165
34
245
26

Referent
22.8 (8.30, 58.76)
1.65 (.71, 3.86)
10.39 (3.54, 30.47)

Referent
23.81 (8.45, 67.12)
1.24 (.51, 3.04)
6.75 (2.01, 22.68)

16
30

Referent
1.94 (1.20, 3.67)

Referent
2.05 (.98, 4.30)

50-74years
≥75 years

26
28

1.371 (.78, 2.42)
Referent

.75 (.37, 1.51)
Referent

Male
Female

28
26

Referent
.73 (.41, 1.29)

Referent
.58 (.29, 1.17)

135
23
195
22

Referent
5.14 (1.90, 13.89)
.59 (.37, .96)
18.13 (4.06, 80.88)

Referent
4.62 (1.67, 12.84)
.48 (.29, .81)
13.06 (2.82, 60.46)

50
69

Referent
1.68 (1.07, 2.63)

Referent
1.83 (.91, 3.68)

50-74years
≥75 years

62
71

.79 (.40, 1.56)
Referent

.74 (.45, 1.22)
Referent

Male
Female

64
69

Referent
1.16 (.59, 2.28)

Referent
1.75 (.86, 3.57)

Reading, n = 430
NHANES Survey Year and Level of VI:a
1999/2000 Mild/Moderate VI
1999/2000 Severe VI
2007/2008 Mild/Moderate VI
2007/2008 Severe VI
Multimorbidity Status:b
No multimorbidity
Multimorbidity
Age Group:

Gender:

Driving,c n = 345
NHANES Survey Year and Level of VI:a
1999/2000 Mild/Moderate VI
1999/2000 Severe VI
2007/2008 Mild/Moderate VI
2007/2008 Severe VI
Multimorbidity Status:b
No multimorbidity
Multimorbidity
Age Group:

Gender:

Interaction:
Gender*Multimorbidity Group
a

1.23 (1.02, 1.49)

.655 (.25, 1.75)

Mild Visual Impairment: 20/40 to better than 20/200; Severe Visual Impairment: 20/200 or worse.
Multimorbidity Status: No multimorbidity includes 0-1 chronic conditions; Multimorbidity includes 2 or more
chronic conditions.
c
Model controlled for interaction of gender group * number of chronic condition group.
b
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Discussion
The purpose of this study was to examine the association between the level of visual
impairment and the self-reported difficulties among adults who participated in the 1999/2000 and
2007/2008 NHANES survey. This study found a lower percentage of severe vision impairment
in the later time period compared to the earlier time period, which is a similar finding to the first
study (Chapter II) that examined a similar time frame. The percentage of individuals in this study
reporting difficulty with the functional tasks of reading, driving, preparing meals, and
participating in events in the community was not statistically different when comparing the two
time periods. This finding differs from the Chapter II study using data from the vision
rehabilitation center in which reading and mobility difficulties were reported at statistically
similar rates, and the percentage of adults reporting difficulty with preparing meals and driving
was statistically higher in the later time period. It is possible that these differences are due to the
variations in the study population or in the questions determining difficulty. The first study
considered only those individuals reporting difficulty and was limited in discerning between
those individuals not having difficulty and those who were no longer doing the task. In addition,
the first study defined vision impairment using visual acuity, visual field, and contrast sensitivity,
whereas the second study classified visual impairment using visual acuity measures. The
NHANES data allowed for clear demarcations between those participants trying to complete the
task, with or without difficulty, and those individuals who were unable to complete the task. In
both studies, a higher percentage of people had mild vision impairment, but subjects were still
reporting difficulty with ADLs at the same rate, indicating mild vision impairment compromises
a person’s ability to complete ADLs.
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When looking at overall means, this study also had lower percentages reporting
difficulties with reading (approximately 40%), participating in events in the community
(approximately 24%), preparing meals (approximately 14%), and driving (approximately 7%)
compared to individuals in the previous study (Chapter II) reporting difficulty with reading
(approximately 98%), preparing meals (approximately 57%), mobility (approximately 35%), and
driving (approximately 20%). The differences in the percentages of adults reporting difficulty in
the two studies could be attributed to population differences in the two studies. The previous
study examined adults over the age of 18 who were specifically seeking vision rehabilitation
services in one geographic area, and this study used a sample of adults aged 50 years and older
participating in a nationally represented public survey. Considering the specific task of driving,
previous research has shown that there is self-regulation of driving by adults with vision
impairments (Ball et al., 1998; Freeman et al., 2006; Ragland, Satariano, & MacLeod, 2004;
West et al., 2003), and because visual acuity of 20/40 is the legal requirement for driving in
many states (Vitale et al., 2006), some subjects in both studies may have already been advised by
their doctors to stop driving. Both factors may give support for the low percentage of individuals
reporting difficulty with driving, and may explain the higher percentage of individuals with
mild/moderate vision loss in this study who reported they are unable to do the task versus those
reporting difficulty.
This study allowed the researcher to address some limitations that were present in the
Chapter II study, such as more precise levels of reported difficulty. In the Chapter II study, there
were limitations in the question wording, which did not allow for the researcher to distinguish
between adults who were not having difficulty and those who were no longer completing the
tasks. The NHANES questions specifically asked participants to indicate different levels of
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difficulty, such as “no difficulty” and “unable to do.” Additionally, this study allowed the
analyses of national population-based data, where the Chapter II study was limited
geographically to the metro-Detroit area. The Chapter II study examined 11 daily tasks, and this
study analyzed four daily tasks. It was difficult to compare the results of the NHANES question
“Going out to movies, events” to one question in the Chapter II study, but it was used as a
variable to examine similarities or differences in function in a community setting.
This study’s main focus was to examine the changes between two time periods. In both
studies, analyses showed a lower percentage of adults with less severe vision impairment, and
adults reported difficulty at similar rates in some daily tasks, i.e., reading. For preparing meals
and driving, a statistically significant higher percentage of adults reported difficulty in the
Chapter II study, and there were statistically similar percentages of difficulty between the time
periods in the second study (Chapter III). Adults in the Chapter II study reported higher overall
percentages of difficulty compared to the participants in this study for reading (Chapter II: 98%;
Chapter III: 40%), driving (Chapter II: 20%; Chapter III: 6%), and preparing meals (Chapter II:
47.5%; Chapter III: 14%). The differences in the overall percentage of difficulty could be related
to the population differences, specifically a population seeking services from a hospital-based
vision rehabilitation center (Chapter II) versus the NHANES population used in this study.
Both studies analyzed data using different levels of visual impairment, based on
quantifiable measures, increasing the knowledge about the differences among people with less
and more severe vision impairment. When considering data combined from both time periods
and those adults reporting difficulty (and unable to complete for NHANES data) in both studies,
there was a higher percentage of people with more severe visual impairment reporting difficulty
with preparing meals. In the Chapter II and Chapter III studies, adults with severe visual
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impairment reported difficulty with meal preparation by 63% and 33% of participants,
respectively, compared to those with less severe vision impairment 31% and 18%. For driving,
more individuals with less severe impairment reported difficulty in the Chapter II study, while
the opposite was true for the Chapter III study, where a higher percentage of people with more
severe vision reported difficulty or unable to do. These differences could be attributed to the
Chapter II population differences of adults seeking vision rehabilitation services versus the
Chapter III population of adults participating in NHANES, or due to the differences in the
methods of identifying visual impairment in the two studies.
Limitations and Strengths
This study is not without some limitations. The comparison of the two time periods
sometimes resulted in a low number of subjects in certain stratification categories, limiting the
ability to fully model the predictors for individuals who report they are trying to drive during the
daytime or who report they are unable to prepare meals or attend events in the community.
Research from previous studies indicates several limitations for self-reporting data (Chan, 2009;
Kayes & McPherson, 2010; Kimberlin & Winterstein, 2008; Knäuper & Turner, 2003;
Kriegsman Penninx, Van Eijk, Boeke, & Deeg, 1996), including underreporting. In this study,
though, comparing two time periods, there is no reason to consider that underreporting of the
level of difficulty with tasks (no difficulty, difficulty, or inability to complete) was reported at
different rates. Individuals may have difficulty remembering and reporting the frequency which
an event occurs which could be another limitation of self-reported data; although, in this study,
adults were asked to report the level of difficulty, not the occurrence rate of the difficulty.
There were several strengths to this study. The NHANES data allowed for an
examination of similarities and differences over two time periods to be compared using national

58
data. National data allow results to be generalized to broader populations throughout the U.S.,
unlike the Chapter II study that used data from one hospital-based vision rehabilitation program
in the Midwest. NHANES contains measured visual acuity data in the examination module,
allowing for quantifiable classification of visual impairment versus self-reported vision
impairment, as used in some population-based studies (Crews et al., 2006; Crews et al., 2005;
Steinman & Allen, 2006). In addition, the levels of visual impairment, based on quantitatively
measured visual acuity, provided valuable information about individuals who reported difficulty
or were unable to complete specific functional tasks.
Future Research
Future studies examining vision impairment using NHANES should consider increasing
the sample size for stratification by combining multiple years of data. This may allow for
exploration of the impact of chronic conditions on a person’s ability to complete functional tasks,
such as reading, driving, preparing meals, and participating in events in the community, while
allowing for survey year differences to be controlled. In this study’s regression models,
multimorbidity was a significant predictor for those subjects who are trying to complete and are
reporting difficulty with reading the newspaper, preparing meals and participating in events in
the community, and for those individuals who report they are unable to complete the tasks of
reading and driving, indicating that chronic conditions should be examined in future research in
individuals 50 years and older with visual impairments.
Conclusion
In summary, when considering self-reported difficulty with the functional tasks of
reading, driving, preparing meals, and participating in event in the community, subjects reported
difficulty at statistically equal rates when comparing two different time periods (1999/2000 vs.
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2007/2008) even though there were fewer subjects with more severe vision impairment. When
controlling for age, gender, survey year and interactions between the variables, respondents who
were trying to complete the functional task were more likely to report difficulty when they had
more severe vision and multimorbidity. When controlling for age, gender, survey year, the
number of chronic conditions, and interactions between the variables, subjects with more severe
vision impairment were more likely to report that they were unable to complete reading and
driving tasks. It is important to recognize although there were a lower percentage of subjects
with severe vision impairment in the later time period compared to the earlier time period,
subjects reported difficulty with functional tasks statistically at similar rates, indicating even a
mild/moderate vision loss in adults can cause difficulty with daily living tasks.
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CHAPTER IV
SELF-REPORTED FUNCTIONAL DIFFICULTY AND MULTIMORBIDITY
IN ADULTS, 50 YEARS AND OLDER, WITH VISUAL IMPAIRMENT,
NHANES 1999-2008
Introduction
Over three million adults, 40 years and older, are estimated to experience a visual
impairment (The Eye Diseases Prevalence Research Group, 2004; National Eye Institute [NEI],
2013). This number is expected to almost double by the year 2030, and triple by the year 2050
(NEI, 2013) as a result of baby boomers aging, and life expectancy increasing (Colby & Ortman,
2015). The prevalence of visual impairment increases with age (Federal Interagency Forum on
Aging-Related Statistics, 2012; National Center for Health Statistics [NCHS] 2016; NEI, 2013).
Approximately one-fifth of the population aged 65 years and older is currently affected by vision
impairment, a proportion that increases to include one-fourth the population who are 85 years
and older (Federal Interagency Forum, 2012).
In addition to the risk of visual impairment with increasing age, adults, aged 50 years and
older (Massof, 2002), are more likely to have chronic medical conditions (Anderson, 2010).
Visual impairment has been associated with an increased likelihood of having one or more
chronic conditions (Court, McLean, Guthrie, Mercer, & Smith, 2014; Crews, Valluru, &
Campbell, 2005). One quarter of U.S. adults are estimated to have two or more chronic
conditions (Anderson, 2010; Gerteis et al., 2014; NCHS, 2016; Ward & Schiller, 2013), often
referred to as multimorbidity (Ford, Croft, Posner, Goodman, & Giles, 2013; Salive, 2013; Ward,
Schiller, & Goodman, 2014). Not only has the percentage of individuals with multimorbidity
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increased in the past two decades (Fried, Bernstein, & Bush, 2012; NCHS, 2016), but the
prevalence of multimorbidity is higher with age (Salive, 2013). Approximately 30-40% of
Americans between the ages of 45-64 years have reported multimorbidity, with estimates
escalating to 60-80% as age increases to 65 years and older (Anderson, 2010; Gerteis et al.,
2014; NCHS, 2016; Ward & Schiller, 2013). Studies have reported that 20-45% of adults with
multimorbidity report difficulty performing daily activities, such as dressing, walking, shopping,
preparing meals, (Anderson, 2010; Federal Interagency Forum, 2012; Gerteis et al., 2014;
NCHS, 2016; St. John, Tyas, Menec, & Tate, 2014). Although visual impairment and one
chronic condition has been associated with increased difficulty with functional tasks, such as
shopping (Crews & Campbell, 2004; Crews, Jones, Kim, 2006; Crews et al., 2005), preparing
meals (Crews & Campbell, 2004; Crews et al., 2005), reading (Zhang et al., 2013), and driving
(Zhang et al., 2013), there is a gap in the literature examining the relationships between
multimorbidity and difficulty with functional tasks in a population of adults with visual
impairments. Because a goal of rehabilitation is to assist clients in maintaining active
participation with functional activities, it is critical for the vision rehabilitation team and other
health professionals to understand the impact of chronic conditions on the independence of
individuals with visual impairments.
The purpose of this study is to examine associations between visual impairment,
multimorbidity and difficulty performing functional tasks using population-based data from the
National Health and Nutrition Examination Survey (NHANES). Because the previous two
studies in this dissertation indicated that multimorbidity contributed to difficulty with some
ADLs within the visually impaired population, the goal of this study was to examine the
associations between the levels of severity of vision impairment, similar to a previous study
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using population-based data to describe the associations between visual impairment, mobility,
and the number of daily tasks reported by participant as limited (Salive et al., 1994), which did
not consider other chronic conditions. Many U.S. population-based studies investigating
individuals with chronic conditions compared persons with visual impairments to those without
visual impairments (Berger & Porell, 2008; Campbell & Crews, 2001; Court et al., 2014; Crews
et al., 2006), considered only one chronic condition in addition to visual impairment (Berger &
Porell, 2008; Campbell & Crews, 2001; Crews et al., 2006), or used self-reported visual
impairment (Berger & Porell, 2008; Campbell & Crews, 2001; Crews et al., 2006; Salive et al.,
1994). From 1999-2008, NHANES administered a vision questionnaire and measured visual
acuity (Johnson et al., 2013). NHANES obtains measured acuity at near and far distances, unlike
other national population-based surveys that rely on self-reported visual impairment (Berger &
Porell, 2008; Campbell & Crews, 2001; Crews & Campbell, 2004; Crews et al., 2006; Dunlop,
Manheim, Sohn, Liu, & Chang, 2002; Salive et al., 1994; Steinman & Allen, 2011; Swanson &
McGwin, 2004; Tanna & Kaye, 2012). For this reason, this study aims to investigate the
relationships among the level of visual impairment, based on measured visual acuity,
multimorbidity, and the ability to complete functional tasks.
Methods
Design
This study is cross-sectional retrospective analysis of population-based data from
National Health and Nutrition Examination Survey (NHANES). These data are publicly
available with personal identifies removed. The human subject’s institutional review boards from
Western Michigan University and Henry Ford Health System granted approval for the project.
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Subjects
The sample for this study included adults, age 50 years and older, who participated in
NHANES , which is administered to approximately 10,000 non-institutionalized, civilians in a
two-year cycle (Curtin et al., 2012; Curtin et al., 2013). Five cycles comprised the years 19992008, resulting in 51,623 people who participated in the main survey. The vision questionnaire
and vision examination was administered to a subset of the NHANES population of adults, aged
50 years and older, during the five cycles, resulting in a 12,781 possible participants for this
study. Based on methods from previously published population-based research (Vitale, Cotch, &
Speduto, 2006; Zhang et al., 2013), only subjects without an eye infection on the day of the
vision examination were included in the study (n = 12,774). Because a goal of the study was to
examine difficulty in persons with visual impairments, participants were also included in the
study if they reported using correction (i.e., eyeglasses or contact lens) and brought their
prescriptive lens (i.e. eyeglasses or contacts) to the vision examination (n = 12,458), similar to
protocols in clinical settings. Survey participants who had a presenting visual acuity of 20/50
(Vitale et al., 2006) or 20/40 combined with a self-rating of “poor” or “very poor” vision
(Steinman & Allen, 2011) were included in this study (n = 1,155). Participants were asked to rate
the general condition of their eyesight in the vision questionnaire as excellent, good, fair, poor or
very poor (Centers for Disease Control and Prevention [CDC], National Center for Health
Statistics [NCHS], n.d.). Any participant with a visual acuity of 20/40 and who rated vision as
excellent, good, fair or who refused to answer or did not know was not included as a subject in
this study. This combination of visual acuity and self-rating criteria may allow for participants
with visual field or contrast sensitivity impairments to be included in the study. In addition,
many states require a visual acuity of 20/40 to qualify for a driver’s license (Owsley, McGwin, &
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Searcey, 2012), and it is often the criteria that is used in U.S. surveillance studies to determine
visual impairment (The Eye Diseases Prevalence Research Group, 2004).
Variables and Their Measurements
Study variables were available in the NHANES questionnaires and vision examination
through the five cycles of the study time period. Four NHANES questions were used to create
dependent variables: reading the newspaper (hereafter referred to as reading), driving during the
daytime (hereafter referred to as driving), preparing meals, and going out to things like shopping,
movies, or to sporting events (hereafter referred to participating in activities in the community).
The questions for reading and driving, located in the Vision Questionnaire, asked participants:
Wearing the eyeglasses or contacts you usually wear, how much difficulty are you having with
{reading the newspaper}{driving during the daytime in familiar places}? (CDC, NCHS, n.d.).
Participants were asked to rate the level of difficulty for each task, i.e., no difficulty, a little
difficulty, moderate difficulty, unable to do because of eyesight, unable to do for other reasons,
refused and don’t know (CDC, NCHS, n.d.). Additionally, a “never drove” option was offered to
participants (CDC, NCHS, n.d.). The questions for meal preparation and participating in events
in the community asked: By yourself and without using any special equipment, how much
difficulty do you have {preparing your own meals} {going out to things like shopping, movies,
or sporting events}? (CDC, NCHS, n.d.). The options for participant responses were: no
difficulty, some difficulty, much difficulty, unable to do, refused and don’t know (CDC, NCHS,
n.d.). Because the goal of the study was to examine difficulty with participation in functional
activities, responses of “refused” or “don’t know” to any activity, or who answered “never
drove” were eliminated from further analyses for that specific functional activity. Based on
protocols in previous studies using NHANES data (DiBello et al., 2015; Ervin, 2006; Zhang
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et al., 2013), the levels of difficulty were collapsed into two categories for analyses: a “no
difficulty” group, and a “reports difficulty” group, which was comprised of the participants who
reported any level of difficulty with or that they were unable to participate in or complete the
functional task. Table 3.1 in Chapter III of this dissertation describes the NHANES questions
used for independent variables in this study.
Four independent variables were used in the study: level of vision impairment, age,
gender, and multimorbidity status. Presenting distance visual acuity measurements with
eyeglasses or contact lens correction were measured and recorded within the NHANES database.
The visual acuity of the better eye was used to determine the participants’ best presenting visual
acuity, which was used in this study to categorize participants’ level of visual impairment.
Similar to categories in a previously published study (Salive et al., 1994), three levels of visual
impairment were used: (1) mild visual impairment (visual acuity of 20/40 through 20/50),
(2) moderate visual impairment (visual acuity of 20/60 through 20/80), and (3) severe visual
impairment (visual acuity of 20/200 or worse).
Gender was stratified into two categories (male and female), and age was divided into
three categories: 50-69 years old, 70-79 years, and 80 years and older. In an effort to protect
participants’ identities, NHANES recorded the age of any participant aged 85 years or older as
“85” for 8 of the 10 years of data used in this study. During the remaining two years, any person
aged 80 years or older was recorded as “80.” Due to the NHANES delineation for the older ages,
age was classified categorically for analyses.
Multimorbidity status, the fourth independent variable, was based on the total number of
chronic conditions reported by the participant. Using previous research that identified the most
common chronic conditions for adults (Court et al., 2014; Goodman, Posner, Huang, Parekh, &
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Koh, 2013; Ward et al., 2014), the number of chronic conditions was determined using several
questions in NHANES that asked if participant had “ever been told by a doctor or other health
professional that” he or she has one of the following specific health conditions: asthma, chronic
bronchitis, emphysema, angina, congestive heart failure, coronary heart disease, heart attack,
arthritis, chronic kidney disease, diabetes, stroke, or osteoporosis. The conditions of asthma,
chronic bronchitis, and emphysema were grouped into one variable, called “respiratory
problems,” and angina, congestive heart failure, coronary artery disease, and heart attack were
grouped into one variable, called “cardiac problems.” Hearing impairment was determined if a
participant indicated that they currently wear or had worn a hearing aid, or if the participant
reported they had “a lot” of trouble hearing or they were “deaf” (Smith, Ritchie, Miao,
Boscardin, & Wallhagen, 2001). Participants were categorized as having “no multimorbidity” if
the total number of chronic conditions reported was zero or one. If two or more chronic
conditions were reported, the participant was classified as having multimorbidity (Salive, 2013).
Table 3.1 in Chapter III of this dissertation describes the NHANES questions used for the
multimorbidity variable in this study.
Data Analyses
Descriptive statistics, including frequencies for bi-variable relationships, were calculated
for gender, age, level of vision impairment, multimorbidity status, and the functional tasks of
reading, preparing meals, participating in activities in the community and driving. Logistic
regression was used as a predictive model for individuals who reported difficulty with (or were
unable to complete) the functional tasks. The models controlled for interactions between
variables. IBM SPSS Version 23 was used to complete the analyses for the study (IBM SPSS
Statistics for Windows, 2015).
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Results
Descriptive Statistics
Descriptive characteristics for the study sample of 1,155 NHANES participants are
presented in Table 4.1. The percentage of females (52.4%) in the study was slightly higher than
males, and the age group of individuals 80 years and older (37.3%) was slightly higher than the
other two groups. Approximately two-thirds of participants (69.9%) had mild vision impairment,
with the remaining participants split equally into the groups of moderate visual impairment
(15%) and severe visual impairment (15%). Slightly over half (53.7%, n = 518) of participants
were classified in the multimorbidity group.
One-half of the participants (50.1%; n = 558) reported difficulty reading. Approximately
one-third of participants (31.3%; n = 322) reported difficulty preparing meals. One-fourth of
participants reported difficulty driving (26.3%; n = 192) or participating in activities in the
community (26.3%; n = 269) (see Table 4.1).
Self-Reported Difficulties
Analyses showed that as vision impairment worsens, there were higher percentages of
adults reporting difficulty or that they are unable to perform a task (see Table 4.2). In most cases,
the percentages of individuals reporting difficulty with reading, preparing meals and
participating in activities in the community increased with each level of more severe vision, i.e.,
from mild impairment to moderate impairment to severe impairment. Higher percentages of
adults with more severe vision impairment reported they were unable to perform the tasks of
reading, preparing meals difficulty with reading, preparing meals and participating in activities in
the community increased with each level of more severe vision, i.e., from mild impairment to
moderate impairment to severe impairment. Higher percentages of adults with more severe
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Table 4.1
Descriptive Characteristics of NHANES Survey Participants, Aged 50 Years and Older, With
Visual Impairment, 1999-2008, N = 1,155
Characteristics

Number of Participants (%)

Gender, n = 1,155
Male
Female

550 (47.6%)
605 (52.4%)

Age, n = 1,155
50-69 years
70-79 years
80 years old and older

382 (33.1%)
342 (29.6%)
431 (37.3%)

Level of Vision Impairment, n = 1,114
Mild VI: 20/40-20/50
Moderate VI: 20/60-20/80
Severe VI: 20/200 or worse

807 (69.9%)
173 (15%)
175 (15%)

Multimorbidity Status,a n = 964
No multimorbidity
Multimorbidity

446 (46.3%)
518 (53.7%)

Reading, n = 1,114
No Difficulty
Reports Difficultyb

556 (49.9%)
558 (50.1%)

Preparing Meals, n = 1,028
No Difficulty
Reports Difficultyb

706 (68.7%)
322 (31.3%)

Participating in Activities in the Community (e.g., movies,
shopping, sporting events), n = 1,023
No Difficulty
Reports Difficultyb

754 (73.7%)
269 (26.3%)

Driving, n = 729
No Difficulty
Reports Difficultyb

537 (73.7%)
192 (26.3%)

a

Multimorbidity Status: No multimorbidity includes 0-1 chronic conditions; Multimorbidity includes 2 or
more chronic conditions.
b
Reports Difficulty: Category includes participants reporting any level of difficulty or that they were
unable to complete the task.
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Table 4.2
Description of Reported Difficulty With Daily Activities by Three Levels of Vision Impairment,
Adults, Aged 50 Years and Older, NHANES 1999-2008, N = 1,155

Total Mean
(%)
Reading
No difficulty
Difficulty
Unable
Do not do this
activity for other
reasons
Total
Driving
No difficulty
Difficulty
Unable
Do not do this
activity for other
reasons
Total

Mild VI
(20/40-20/50)

Mod VI
(20/60-20/80)

Severe VI
(20/200)

580 (49.3%)
446 (37.9%)
112 (9.5%)
39 (3.3%)

470 (56.9%)
299 (36.2%)
35 (4.2%)
22 (2.7%)

72 (41.1%)
82 (46.9%)
13 (7.4%)
8 (4.6%)

38 (21.6%)
65 (36.9%)
64 (36.4%)
9 (5.1%)

1177 (100%)

826 (100%)

175 (100%)

176 (100%)

554 (57.6%)
74 (7.7%)
118 (12.3%)
215 (22.4%)

466 (66.9%)
56 (8%)
39 (5.6%)
136 (19.5%)

67 (51.9%)
10 (7.8%)
18 (14%)
34 (26.4%)

21 (15.6%)
8 (5.9%)
61 (45.6%)
45 (33.3%)

961 (100%)

697 (100%)

129 (100%)

135 (100%)

606 (79%)
96 (12.5%)
24 (3.1%)
41 (5.3%)

118 (72%)
28 (17.1%)
7 (4.3%)
11 (6.7%)

103 (60.2%)
38 (22.2%)
19 (11.1%)
11 (6.4%)

767 (100%)

164 (100%)

171 (100%)

Preparing Meals
No difficulty
827 (75%)
Difficulty
162 (14.7%)
Unable
50 (4.5%)
Do not do this
63 (5.7%)
activity for other
reasons
Total
1102 (100%)
Participating in
Activities in the
Community
No difficulty
717 (65.1%)
Difficulty
237 (21.5%)
Unable
85 (7.7%)
Do not do this
63 (5.7%)
activity for other
reasons
Total
1102 (100%)

535 (69.8%)
151 (19.7%)
43 (5.6%)
37 (4.8%)

106 (64.2%)
37 (22.4%)
13 (7.9%)
9 (5.5%)

76 (44.4%)
49 (28.7%)
29 (17%)
17 (9.9%)

766 (100%)

165 (100%)

171 (100%)

Pearson’s
Chi square
(df)

p-value

205.76 (6)

<.001

208.55 (6)

<.001

36.80 (6)

<.001

48.90 (6)

<.001

vision impairment reported they were unable to perform the tasks of reading, preparing meals
and participating in activities in the community compared to those adults with mild or moderate
vision impairment. Over one-third of individuals (36%) with severe vision impairment reported
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they were unable to read compared to 4% of those with mild vision impairments. Nearly onefifth (17%) of adults with severe vision impairment reported they were unable to participate in
activities in the community compared to 5% of those with mild vision impairment. The
percentages for those adults reporting difficulty or who were unable to prepare meals totaled
16% for those with mild vision impairments, 21% for those with moderate vision impairments,
and 33% for those with severe vision impairment. As shown in Table 4.2, the patterns were
different for adults reporting difficulty with driving, with near equal percentages across the three
levels of visual impairment. The percentages of adults reporting they were unable to drive
increased across the three levels of vision impairment, with 46% with severe vision impairment
compared to 6% with mild vision impairment. For further analyses in this study, the categories of
“difficulty” and “unable to do” were collapsed due to small numbers in some categories.
Age and Multimorbidity
In an effort to understand the population who were reporting difficulty performing the
different tasks, the relationships between age, multimorbidity status, and level of visual
impairment were examined. There were higher percentages of individuals reporting
multimorbidity as age increased (50-69 year olds: 27%; 70-79 year olds: 30.3%; 80 years and
older: 42.7%; x2 = 14.02 (4), p = .007). As shown in Table 4.3, for all levels of visual impairment
(mild, moderate, and severe), as the age group increases, there is a higher percentage of
individuals who reported difficulty with some functional tasks as multimorbidity status
increased.
The percentage of people who reported difficulty reading or participating in activities in
the community remained nearly equal as age increased in participants with mild visual
impairment and no multimorbidity (see Table 4.3), while a lower percentage reported difficulty

75
Table 4.3
Associations by Age and Multimorbidity Status With Adults, Aged 50 and Older, Reporting
Difficulty With or That They Are Unable to Perform Functional Tasks, NHANES
1999-2008, N = 1,155

Multimorbidity
Statusa

Reading the
Newspaper
N = 665
n (%) reporting
difficulty

Preparing Meals
N = 602
n (%) reporting
difficulty

Participating in
Activities in the
Communityb
N = 597
n (%) reporting
difficulty

Driving in the
Daytime
N = 456
n (%) reporting
difficulty

Mild Vision Impairment
50-69 years
No Multimorbidity
Multimorbidity
70-79 years
No Multimorbidity
Multimorbidity
80 years and older
No Multimorbidity
Multimorbidity

142 (37.3%)*
99 (60.6%)

100 (18.2%)*
88 (44.3%)

107 (14%)*
84 (39.3%)

111 (9%) *
68 (35.3%)

95 (30.5%)*
108 (52.8%)

95 (10.5%)*
106 (35.8%)

93 (9.7%) +
102 (27.5%)

74 (8.1%)
72 (18.1%)

79 (32.9%)
142 (45.8%)

74 (12.2%)*
129 (38%)

76 (14.5%) +
135 (30.4%)

46 (46%) +
85 (28.2%)

Moderate Vision Impairment
50-69 years
No Multimorbidity
Multimorbidity
70-79 years
No Multimorbidity
Multimorbidity
80 years and older
No Multimorbidity
Multimorbidity

25 (60%)
23 (65.2%)

21 (19%)
22 (45.5%)

18 (11.1%)
20 (35%)

15 (20%)
12 (33.3%)

11 (45.5%)
17 (58.8%)

9 (0%) +
15 (53.3%)

10 (0%) +
16 (43.8%)

6 (33.3%)
8 (25%)

16 (37.5%) +
36 (72.2%)

15 (13.3%) +
37 (45.9%)

16 (18.8%)
37 (35.1%)

9 (44.4%)
20 (55%)

Severe Vision Impairment
50-69 years
No Multimorbidity
Multimorbidity
70-79 years
No Multimorbidity
Multimorbidity
80 years and older
No Multimorbidity
Multimorbidity
a

21 (76.2%)
13 (92.3%)

17 (17.6%) +
11 (72.7%)

17 (11.8%)*
11 (81.8%)

6 (50%)
6 (83.3%)

20 (65%)
26 (73.1%)

18 (38.9%)
26 (57.7%)

17 (29.4%) +
28 (60.7%)

11 (54.5%)
14 (64.3%)

22 (72.7%)
36 (91.7%)

21 (47.6%)
34 (61.8%)

22 (31.8%)
35 (51.4%)

31 (71%)
45 (80%)

Multimorbidity is defined as two or more chronic conditions.
Participating in Activities in the Community is defined as stated in NHANES question as “going out” in the
community includes to activities like “shopping, movies or sporting events.”
*p ≤ .001 using Pearson’s chi-square to comparing 2 groups: no multimorbidity to multimorbidity.
+p < .05 using Pearson’s chi-square to comparing 2 groups: no multimorbidity to multimorbidity.
b
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as age increased in adults with mild impairment and multimorbidity. Overall, in adults, aged 5069 years old and 70-79 years old, with mild vision impairment, and with and without
multimorbidity, the highest percentages of adults reported difficulty with reading and preparing
meals, respectively. Reading had the highest percentages of reported difficulty for adults aged 80
years and older with and without multimorbidity, with difficulty driving reported second highest
for those without multimorbidity, and preparing meals for those with multimorbidity. For those
with mild visual impairment and no multimorbidity, the percentage of participants reporting
difficulty driving was nearly equal for 50-69 year olds compared to 70-79 year olds (9% and 8%,
respectively), but was higher (46%) for those participants 80 years and older.
When examining those adults with moderate visual impairment and no multimorbidity
(see Table 4.3), a higher percentage of individuals reported difficulty driving as age increased. A
lower percentage of adults reported difficulty reading in participants with moderate visual
impairment and no multimorbidity as age increased. Nearly one-half of adults with moderate
visual impairments and multimorbidity in every age group reported difficulty preparing meals,
and just over one-third of participants in every age group reported difficulty participating in
activities in the community.
For adults with severe visual impairment and no multimorbidity, a higher percentage of
participants who reported difficulty preparing meals, participating in activities in the community
and driving as the age groups increased (see Table 4.3). In participants with severe visual
impairment and multimorbidity, the percentages of adults reporting difficulty performing any
functional task ranged from 73% -92% in 50-69 year olds, 57-73% in 70-79 year olds, and 5192% in those 80 years and older. Across all age groups with severe vision impairment and
multimorbidity, the highest percentage of reported difficulties was with the tasks of reading
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(73%-92%), followed by driving (64%-83%), and the 50-69 year old subjects reporting the
highest percentage of difficulty for both tasks. Compared to 70-79 year olds with severe vision
impairment and multimorbidity, subjects 80 years and older reported higher percentages of
difficulty with reading, driving and preparing meals. When considering participation in activities
in the community for individuals with severe visual impairment and multimorbidity, the
percentages of reported difficulty continued to become lower as age increased, starting at 82%
for 50-69 year olds, 61% for 70-79 year olds, and 51% for those adults 80 years and older. The
ranges of difficulty for those with severe visual impairment and multimorbidity are higher when
compared to the ranges of difficulty for individuals with mild or moderate visual impairment and
multimorbidity, indicating a relationship between severe levels of visual impairment,
multimorbidity and a higher percentage of adults reporting difficulty with functional tasks.
Logistic Regression
To further examine the relationships between the variables of level of vision impairment,
age and multimorbidity status, logistic regression was used to create predictive models (see
Table 4.4). The final models used a combined variable of level of vision impairment and
multimorbidity status was created to control for any interactions between the two variables, with
mild visual impairment/no multimorbidity used as a referent group. The adjusted odds ratio
indicated that as visual impairment worsened and multimorbidity was present, there was an
increased likelihood of an adult, aged 50 years and older, reporting difficulty reading when
controlling for age. Compared to those individuals with mild vision impairment and no
multimorbidity, the likelihood of reporting difficulty with reading increased to 2.24 odds ratio
(OR) in adults with the same vision and multimorbidity. For individuals with moderate vision
impairment and no multimorbidity, there was nearly two times the odds of reporting difficulty
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reading, and for those with similar vision and multimorbidity the odds increased to just over four
times. Individuals with severe visual impairment and multimorbidity had the greatest odds (12.5
OR) of reporting difficulty reading compared to those with mild visual impairment and no
multimorbidity (referent group). Adults, aged 50-69, were nearly one and one-half times more
likely to report difficulty reading compared to those who were 80 years and over. The adjusted
model is a good fit for the data as indicated by the insignificant Hosmer & Lemeshow’s (H&L)
value, x2 = 2.17 (6), p = .903. Although the adjusted model’s predictive value improved using
Nagelkerke’s value (R2N) and a decreased log-likelihood value (-2LL), R2N = 13.7 and -2LL =
1189.18, compared to the crude model, R2N = 6.9 and -2LL = 1209.44, the adjusted model
explained a small amount of variance.

Table 4.4
Logistic Regression Models for Adults, Aged 50 Years and Older, Who Reported Difficultya With
Functional Tasks: Level of Visual Impairment and Multimorbidity Status Combined, and Age,
NHANES 1999-2008, N = 1,155
Functional
Activity

Variables in Model
(VI: Visual Impairment)

n

Crude Odds Ratio
(95% CI)

Adjusted Odds Ratio
(95% CI)

VIb and Multimorbidity Statusc, Combined
Mild VI and No Multimorbidity
Mild VI and Multimorbidity
Moderate VI and No Multimorbidity
Moderate VI and Multimorbidity
Severe VI and No Multimorbidity
Severe VI and Multimorbidity

316
349
52
79
63
75

Referent
.52 (.38, .71)
1.01 (.58, 1.77)
2.07 (1.26, 3.40)
2.90 (1.65, 5.10)
6.75 (3.51, 12.99)

Referent
2.24 (1.62, 3.08)
1.91 (1.05, 3.46)
4.17 (2.43, 7.14)
5.07 (2.79, 9.23)
12.51 (6.28, 24.92)

Age Group:
50-69 years
70-79 years
80 years and older

323
277
331

.35 (.27, .46)
.82 (.68, 1.14)
Referent

1.42 (1.02, 1.97)
.96 (.68, 1.35)
Referent

Reading, n = 558a

79
Table 4.4—Continued
Functional
Activity

Variables in Model
(VI: Visual Impairment)

n

Crude Odds Ratio
(95% CI)

Adjusted Odds Ratio
(95% CI)

VIb and Multimorbidity Statusc, Combined
Mild VI and No Multimorbidity
Mild VI and Multimorbidity
Moderate VI and No Multimorbidity
Moderate VI and Multimorbidity
Severe VI and No Multimorbidity
Severe VI and Multimorbidity

269
323
45
74
56
71

Referent
.90 (.66, 1.24)
.34 (.14, .81)
1.96 (1.21, 3.17)
1.39 (.79, 2.46)
4.07 (2.46, 6.76)

Referent
4.04 (2.68, 6.09)
.92 (.36, 2.32)
5.55 (3.13, 9.86)
3.48 (1.83, 6.64)
10.60 (5.84, 19.24)

Age Group:
50-69 years
70-79 years
80 years and older

259
269
310

.52 (.40, .69)
.84 (.63, 1.12)
Referent

1.20 (.82, 1.75)
.87 (.60, 1.27)
Referent

142
25
202
16
22
68

Referent
.86 (.62, 1.20)
.35 (.14, .90)
1.60 (.97, 2.65)
1.08 (.57, 2.02)
4.73 (2.88, 7.76)

Referent
3.30 (2.14, 5.07)
.87 (.32, 2.36)
4.10 (2.25, 7.47)
2.33 (1.15, 4.71)
10.73 (5.92, 19.43)

54
44
34

.53 (.40, .72)
.83 (.61, 1.12)
Referent

1.22 (.825, 1.81)
.90 (.61, 1.32)
Referent

142
25
202
16
22
68

Referent
.33 (.22, .50)
1.19 (.53, 2.66)
2.05 (1.06, 3.95)
9.35 (4.19, 20.89)
15.30 (7.16, 32.73)

Referent
3.39 (1.98, 5.82)
3.78 (1.53, 9.33)
6.21 (2.85, 13.56)
23.51 (9.42, 58.66)
36.95 (15.36, 88.88)

54
44
34

.19 (.13, .27)
.60 (.41, .88)
Referent

.75 (.46, 1.22)
.44 (.26, .74)
Referent

Preparing Meals, n = 322a

Participating in Events in Community, n=269a
VIb and Multimorbidity Statusc, Combined
Mild VI and No Multimorbidity
Mild VI and Multimorbidity
Moderate VI and No Multimorbidity
Moderate VI and Multimorbidity
Severe VI and No Multimorbidity
Severe VI and Multimorbidity
Age Group:
50-69 years
70-79 years
80 years and older
Driving, n=192a
VIb and Multimorbidity Statusc, Combined
Mild VI and No Multimorbidity
Mild VI and Multimorbidity
Moderate VI and No Multimorbidity
Moderate VI and Multimorbidity
Severe VI and No Multimorbidity
Severe VI and Multimorbidity
Age Group:
50-69 years
70-79 years
80 years and older
a

Reports Difficulty: includes participants reporting any level of difficulty or unable to complete the task.
Visual Impairment (VI) visual acuity: Mild-20/40-20/50; Moderate-20/60-20/80; Severe-20/200 or worse.
c
No multimorbidity 0-1 chronic conditions; Multimorbidity 2 or more chronic conditions.
b
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When considering the adjusted model for preparing meals and controlling for age,
moderate and severe visual impairment and no multimorbidity increased the odds of a person
reporting they had difficulty completing the activity compared to those with mild visual
impairment and multimorbidity, respectively. As visual impairment worsened in the presence of
multimorbidity, there was an increased likelihood of adults, aged 50 years or older, reporting
difficulty preparing meals when controlling for age (see Table 4.4). Compared to those persons
with mild vision impairment and no multimorbidity (referent group), the likelihood of reporting
difficulty preparing meals increased the most for individuals moderate vision impairment and
with multimorbidity (5.55 OR) and adults with severe vision impairment and multimorbidity
(10.60 OR). The statistically insignificant H&L value indicates the model is a good fit for the
data, x2 = 3.21 (7), p = .865. Although the final model’s ability to account for variance in the
model was small, the predictive value of improved from the crude model (R2N = 5.3 and -2LL =
1009.78) to the adjusted model (R2N = 15.7 and -2LL = 960.30).
When examining the final model of prediction for participating in activities in the
community, there is an increased likelihood for individuals with severe visual impairment to
report difficulty. When controlling for age, there were increased odds of reporting difficulty
participating in activities in the community as visual impairment worsened in adults with
multimorbidity compared to those with mild visual impairment and no multimorbidity (referent
group) (see Table 4.4). For those with no multimorbidity, the greatest likelihood of reporting
difficulty with participating in activities in the community was among those with severe vision
impairment (2.33 OR). Compared to the referent group, the likelihood of reporting difficulty
with participating in activities in the community in adults with multimorbidity increased as
vision worsened, with a 3.30 OR for mild visual impairment, 4.10 OR for moderate visual
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impairment, and 10.73 OR for those individuals with severe impairment. The model’s H&L
value was not statistically significant, indicating that model was a good fit for the data, x2 = 1.68
(7), p = .975. The predictive value from the crude model (R2N = 6.9 and -2LL = 941.67)
improved in the final model (R2N = 13.7 and -2LL = 899.33), with the final model accounting for
a small amount of variance in the data.
The remaining adjusted model, controlling for age, indicated that the odds of reporting
difficulty driving gradually increased as visual impairment and multimorbidity status increased
compared to those adults with mild visual impairment and no multimorbidity (referent group)
(see Table 4.4). In each category of visual impairment, the odds of reporting difficulty with
driving were higher in the multimorbidity group. For adults with mild vision impairment and
multimorbidity, the odds of reporting difficulty were 3.30 times higher than those with the same
level of vision impairment and no multimorbidity. Comparing those with moderate vision
impairment to the referent group, those adults with no multimorbidity were 3.78 times more
likely to report difficulty driving and those with multimorbidity were 6.21 times more likely to
report difficulty driving. The largest odds were seen in the severe impairment group, where the
odds ratios for those adults with no multimorbidity and multimorbidity were 23.51 and 36.95,
respectively. In addition, adults aged 70-79 were less likely to report difficulty driving compared
to those who are aged 80 years and older. The H&L value, which was not statistically significant,
indicated the model was a good fit for the data, x2 = 5.28 (7), p = .626. The predictive value of
the model improved from accounting for a small amount of variance in the crude model (R2N =
15.9 and -2LL = 669.82) to a moderate amount of variance in the adjusted model (R2N = 29.8 and
-2LL = 571.84). In general, for the four functional activities, as vision impairment became more
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severe and with the presence of multimorbidity, adults with visual impairment had greater
likelihood of reporting difficulty or that they were unable to complete the task.
Discussion
The aim of this study was to examine the associations among level of visual impairment,
multimorbidity status, and age with the reported difficulty of functional tasks in order to better
understand possible barriers to independent participation by adults with visual impairments. This
study found that nearly 54% of adults, aged 50 and older, with visual impairment reported
multimorbidity (two or more chronic conditions). The percentage of adults with multimorbidity
is about 20% higher than percentages identified in previous population-based studies examining
chronic conditions in the general population of adults, aged 45 and older (Anderson, 2010; Fried
et al., 2012; Gerteis et al., 2014; Ward & Schiller, 2013). These previously studies published that
approximately 26-33% adults report multimorbidity (Anderson, 2010; Fried et al., 2012; Gerteis
et al., 2014; Ward & Schiller, 2013). These differences may be related to the chronic conditions
used in this study. For example, two of the chronic conditions in used this study, diabetes and
stroke, cause visual limitations (Mogk, 2011), which could contribute to the higher percentages
of multimorbidity in this study compared to other studies examining older adults with
multimorbidity (Anderson, 2010; Fried et al., 2012; Ward & Schiller, 2013). This study’s
analyses revealed as age increased, there were a greater percentage of people reporting the
presence of multimorbidity, supporting other published literature (Anderson, 2010; Gerteis et al.,
2014; Salive, 2013; Ward & Schiller, 2013).
This study found that between 26% and 50% of adults, aged 50 and older, with vision
impairment reported difficulty with daily activities. This is similar to national estimates of
populations with chronic conditions, where it has been estimated that between 25-45% of people
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with chronic conditions have activity limitations (Anderson, 2010; Gerteis et al., 2014). Reading
was the activity in this study that was most often reported as difficult (50%), and preparing meals
was the second activity that was most frequently reported as difficult (31.3%). The percentage of
individuals with visual impairments reporting difficulty preparing meals in this study was higher
than the 19.2% reported in a 2004 study using data from National Health Interview Survey
(NHIS) (Crews & Campbell, 2004). The NHIS study uses self-reported visual impairment, which
could be a reason for the differences.
Results of this study indicate as the level of vision impairment worsens and
multimorbidity status increases, adults, aged 50 and older, were more likely to report difficulty
with or were unable to read the newspaper and drive during the daytime, with the 50-69 year old
age group reporting the highest percentages of difficulty. In addition, adults with no
multimorbidity and severe visual impairment, and adults with multimorbidity and any level of
visual impairment are more likely to report difficulty with or were unable to prepare meals or
participate in activities in the community, such as going to the movies, shopping or to sporting
events. This study considered one logistic model that examined multimorbidity at three levels:
no, one and two or more chronic conditions (no data shown). Although there were small numbers
in some cases, the group “one chronic condition” was often not statistically different from the
group reporting “no chronic conditions” at each level of vision impairment, so the final models
stratified the number of chronic conditions into the groups “no multimorbidity” and
“multimorbidity.” Based on results from this study, both severity of visual impairment and
multimorbidity status impacts the level of reported difficulty with the functional tasks of reading,
preparing meals, participating in activities in the community, and driving. Importantly, when
multimorbidity was present, there were greater odds of reporting difficulty with all four daily
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tasks in the study compared to those with the same level of vision impairment and no
multimorbidity, with mild vision impairment/no multimorbidity as the referent group. The odds
ratios for all four daily tasks were highest for individuals with severe visual impairment and
multimorbidity. The presence of both visual impairment and multimorbidity emphasize the
importance of using vision rehabilitation to address the difficulties with functional tasks in the
complex population of adults with vision impairment. Previous research with older adults (65
years and older) with visual impairments revealed significant associations between higher levels
of reported difficulty for specific tasks (e.g., preparing meals, shopping and going out) and one
other chronic condition (e.g., stroke, arthritis, diabetes, hearing impairment, respiratory
problems, and cardiac conditions) (Crews et al., 2006; Crews et al., 2005), and the odds ratios
ranged between 3.5 and 4.7 in other studies (Crews & Campbell, 2004; Crews et al., 2005). In
this study, the likelihood of adults with multimorbidity reporting difficulty with preparing meals
and participating in events in the community ranged from 4 to over 10, with the odds ratio was
dependent upon the level of vision loss.
Limitations and Strengths
The use of self-reported data has been criticized for inaccurately measuring disability.
Baum (2011) suggests self-reported difficulty subjectively measures participation and indirectly
allows for the value of an activity to be weighted in the participant’s response. Furthermore,
three NHANES questions, i.e., reading the newspaper, driving in the daytime, and participating
in (going out to) activities in the community, use the same wording as is used in the National Eye
Institute’s 25-item Visual Functional Questionnaire (VFQ-25), a standardized questionnaire that
has been found to be an effective measure across different eye diseases and levels of visual
impairment (Mangione, 1998). In addition, several studies have also found that the NHANES
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questions used in this study as the variables for meal preparation and participating in (going out
to) activities in the community are valid measures with moderate to high discrimination for
assessing functional difficulties in the following specific populations: stroke (Cook, Goode, Erb,
Richardson, & Pietrobon, 2006), low back pain (Cook, Richardson, & Pietrobon, 2006), cervical
pain (Cook, Richardson, Pietrobon, Braga, et al., 2006), and frequent severe headaches (Cook &
Pietrobon, 2006). There is no reason to believe that these questions are not valid measures with a
population of individuals with visual impairments. Self-reported data has also been criticized as
an inaccurate measure due to the memory component associated with recalling information.
Because participants were not required to report the frequency of difficulty, and only reported
their level of difficulty, including that they were unable or they never did the task, there is no
reason to believe that that memory deficits skewed the results or that there are other inaccuracies
in self-reporting difficulty, i.e., under or over reporting frequencies.
The use of measured visual acuity to determine visual impairment strengthens this
population-based study by allowing data to be stratified and analyzed based on the level of visual
impairment. Many U.S. population-based studies examining individuals with visual impairment
and daily functional activities determine visual impairment based on self-reported visual function
(Berger & Porell, 2008; Campbell & Crews, 2001; Crews et al., 2006; Dunlop et al., 2002; Salive
et al., 1994; Steinman & Allen, 2011; Swanson & McGwin, 2004; Tanna & Kaye, 2012). In
general, this study’s findings indicate that as the level of visual impairment becomes more
severe, higher percentages of difficulty with some daily tasks are reported. This study allowed
for specific analyses related to multimorbidity, and revealed, in the presence of multimorbidity,
there was a greater likelihood of reporting difficulty particularly when vision impairment was
severe.

86
Implications and Future Research
The results of this study have strong implications for clinical practices. The findings
suggest that daily activities are impacted not only by the level of vision impairment, but also by
multimorbidity. Vision professionals working to increase daily independence of adults with
vision impairment should consider also assessing the impact of chronic conditions or refer to
other appropriate health professionals, such as physical therapists, occupational therapists, or
orientation and mobility specialists. Compensatory strategies or devices for daily tasks, such as
mobility, medication management, energy conservation techniques, and home safety
modifications, may be beneficial for this population. Health promotion programs to increase
exercise or decrease falls may also offer positive strategies for individuals with visual
impairments and multimorbidity.
Future research could focus on examining the specific combinations of two or more
chronic conditions and the associations with reported difficulty for the functional tasks, including
tasks different from the ones used in this study, or compare the population of individuals with
visual impairments with a population without visual impairments. Additional research could also
examine relationships between the physical demands of the tasks, chronic conditions, and levels
of difficulty in adults with visual impairments.
Conclusions
In summary, this study found that the level of visual impairment and multimorbidity
status both impacted participant’s ability to perform certain functional activities, including
reading the newspaper, preparing meals, participating in/going out to activities in the
community, and driving in the daytime. Physicians and rehabilitation professionals should not
only consider an adult’s level of visual impairment or visual acuity, but also evaluate the impact
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of other chronic conditions on functional difficulty. Occupational therapists, low vision
therapists, vision rehabilitation therapists, and orientation and mobility specialists may be able to
provide specialized, individualized rehabilitation techniques to address the unique and complex
needs of adults with visual impairments and multimorbidity to improve independence.
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CHAPTER V
CONCLUSIONS
Introduction
The demographics of vision impairment have changed in the past several decades (The
Eye Diseases Prevalence Research Group, 2004; Ko et al., 2012; Massof, 2002; National Eye
Institute [NEI], 2013; Varma et al., 2016; Vitale, Cotch, & Sperduto, 2006), with a higher
number of older adults losing vision due to age-related eye diseases, including glaucoma,
diabetic retinopathy, and age-related macular degeneration (Mogk, 2011). Older adults comprise
15% of the population in the United States (Colby & Ortman, 2015; United Nations, Department
of Economic and Social Affairs, Population Division, 2015), and Americans are living longer
(United Nations, 2015), with medical advancements contributing to prolonged life expectancy
and the prevention of blindness (Mogk & Goodrich, 2004 ). Medical therapies used to treat
diseases affecting the retina have evolved in the past two decades, with anti-vascular endothelial
growth factor (anti-VEGF) (CATT Research Group, Martin, & Maguire, 2011; Fletcher &
Schuchard, 2006; Hooper & Guymer, 2003) and corticosteroids (Çekiç, Chang, Tseng, Barile,
Del Priore, et al., 2005; Çekiç, Chang, Tseng, Barile, Weissman, et al., 2005; Cunningham,
Edelman, & Kaushal, 2008; Gillies et al., 2006; Gupta et al., 2013; Miyamoto, Iossifov, Metge,
& Behar-Cohen, 2006) becoming the standard of care around the mid-2000s to prevent
progression of diseases, such as macular degeneration and diabetic retinopathy (American
Academy of Ophthalmology Retina/Vitreous Panel, 2015, 2016). With these demographic
changes and medical advancements in mind, this dissertation research was designed to describe
the visual characteristics and factors that are related to functional difficulties with activities of
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daily living (ADLs) in U.S. adults with visual impairment, and examine any similarities or
differences over the past two decades, using data from 1997 through 2012.
Exploring data from two similar time periods, Chapter II analyzed data from a large
hospital-based vision rehabilitation center in the Midwestern United States, and the Chapter III
study examined data from the National Health and Nutrition Examination Survey (NHANES), a
U.S. population-based survey. The evidence from both studies revealed that while vision
impairment was better based on quantifiable measures of visual function in the later time
periods, adults with visual impairment were reporting difficulty with many ADLs at the same or
higher rate. The third study, described in Chapter IV, considered the differences in self-reported
ADL difficulty in adults with visual impairments, with and without multimorbidity, who
participated in NHANES during the years 1999-2008. The Chapter IV investigation results
provided evidence of a higher percentage of adults, 50 years and older, reporting difficulty with
ADLs as vision impairment and multimorbidity each became worse. These studies have
presented evidence of the similarities and differences over time in visual function, and in
relationships between visual impairment, multimorbidity status, and self-reported functional
performance in visually impaired adults. This new evidence can contribute to changes in health
assessment, rehabilitation strategies, advocacy and policy for the population of adults with vision
impairment.
Self-Reported Difficulty with ADLs and Vision Impairment
The findings in Chapter II demonstrate a higher percentage of adults presenting for their
initial appointment at a large hospital-based vision rehabilitation clinic from 2007-2012 had less
severe visual function, based on measures of visual function, i.e., visual acuity, visual field, and
contrast sensitivity, compared to those presenting from 1997-2003. When comparing the earlier
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time period to the later time period, there was a lower percentage of adults reporting difficulty
with the ADLs of writing, self-care, and shopping, and a higher percentage of individuals
reporting difficulty with preparing meals, driving, and using the computer. Equally important,
subjects reported difficulty with reading tasks, leisure activities, glare, mobility, and telephone
use at statistically similar rates. When combining both time periods of data and examining the
levels of vision function and ADLs, there were higher percentages (50-75%) of adults with more
severe visual function reporting difficulty as visual function for the tasks of writing, self-care,
and meal preparation, compared to 30-40% of adults with better vision. Approximately 40% of
individuals who reported difficulty with driving had better visual function, compared to 5-7% of
those in the two groups with more severe vision function. There was no clear pattern of the
relationship of multimorbidity status with self-reported difficulty with ADLs when comparing
the two time periods in this study; however, results indicated multimorbidity status should be
further studied, possibly with a larger sample size.
In an effort to address the limitations with the Chapter II data, i.e., determining
differences among adults who were having no difficulty versus those who were no longer
completing the tasks, and limitations related to the geographic area of metro-Detroit, the Chapter
III study was designed to closely replicate the previous study using U.S. population-based data.
The National Health and Nutrition Examination Survey (NHANES) allowed the researcher to
examine data from vision questionnaires and examinations, including quantitatively measured
visual acuity during years similar to the first study, with a nationally representative sample.
Chapter III confirmed visual impairment, based on visual acuity, was less severe when
comparing subjects surveyed in the 1999/2000 cycle to subjects in surveyed in 2007/2008.
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When comparing similar tasks from the first study (Chapter II) to the second study
(Chapter III), the overall percentages of adults reporting difficulty differed. In general, there was
a higher overall percentage of adults reporting difficulty from the metro-Detroit vision
rehabilitation center population (first study) compared to the NHANES population (second
study) who reported difficulty with reading (first study: 98%, second study: 40%) , driving (first
study: 20%, second study: 6%), preparing meals (first study: 47.5%, second study: 14%). The
first study showed a statistically significant higher percentage of adults reporting difficulty with
driving and preparing meals in the later time period compared to the earlier time period, and the
percentages reporting difficulty reading were statistically similar in the two time periods. Results
from the second study, though, revealed statistically similar percentages of people reporting
difficulty with reading, driving, preparing meals and going out into community when comparing
the two time periods. Although it is unknown, these differences in the two studies’ results could
be related to the geographic limitations of the first study, variations between a population
seeking vision rehabilitation services versus a population participating in a health survey, or
differences resulting from the specific questions used as study variables. The first study did not
distinguish between those who were having no difficulty and those who were no longer trying to
perform the task. The NHANES questions used in the second study asked patients to indicate if
they had no difficulty, difficulty, if they were unable to perform the task, or if they never did the
task, allowing for a clearer picture of those who are trying to complete the task versus those who
reported they were unable to complete it. In the second study, a higher percentage of subjects
with multimorbidity (two or more chronic conditions) reported difficulty with reading, driving,
preparing meals, and participating in events in the community, but the relationships differed
based on the ADL and whether the subject was trying to complete or was unable to complete the
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ADL, suggesting further research is needed to examine the relationships between multimorbidity
and ADL difficulty in visually impaired adults. Although vision impairment is less severe in the
more recent or later time periods of the study, the results from both studies confirm that there is
not a reduction in the percentage of people reporting difficulty with some ADLs. Individuals
with any level of vision impairment are continuing to report functional difficulties with daily
activities.
Self-Reported Difficulty with ADLs and Multimorbidity
Previous research has concluded that adults with visual impairment and one chronic
condition report difficulty with ADLs at higher rate (Berger & Porell, 2008; Crews & Campbell,
2004; Crews, Jones, & Kim, 2006; Crews, Valluru, & Campbell, 2005), but unlike previous
studies, the third dissertation study (Chapter IV) considered the impact of two or more chronic
conditions, i.e. multimorbidity. In this study, over half of the adults reported the presence of
multimorbidity, and it was found that multimorbidity increased with age. Chapter IV revealed in
adults, 50 years and older, the odds of reporting difficulty with reading and driving were higher
as vision impairment became more severe and in the presence of multimorbidity compared to
those with mild vision impairment and no multimorbidity. Adults with severe vision impairment
and multimorbidity at any level of visual impairment were more likely to report difficulty with
preparing meals and participating in activities in the community than those with mild vision
impairment and no multimorbidity. These results suggest that the population of adults with visual
impairments is complex, and vision rehabilitation professionals should not only consider the
level of visual impairment, but also the presence of multimorbidity when treating these
individuals.
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Discussion
As the population of older adults with vision impairments increases in the next twenty
years, it will become more imperative for health care professionals to understand the visual and
demographic characteristics of the population. This knowledge will assist vision rehabilitation
and other health care professionals to develop and apply appropriate evaluation and treatment
techniques, expand research, advocate for health and wellness programs, and influence policy
decisions that impact persons with visual impairments and the professionals treating them, e.g.,
Medicare or third party reimbursement. These dissertation chapters provide evidence of the
similarities and differences over time in the visually impaired population in the U.S. In addition,
evidence documenting the associations between reported difficulty with ADLs, the level of
severity of vision impairment, multimorbidity, and age is presented.
The first two studies, examining similarities and differences over time, suggest one main
conclusion. Although visual function (quantitatively defined by visual acuity, visual field and/or
contrast sensitivity) was less severe over time, adults with visual impairments continue to report
difficulty with ADLs. This suggests that even mild vision impairment is causing adults in the
U.S. to report difficulty with ADLs, such as reading, driving, preparing meals and participating
in activities in the community. It is with this in mind that physicians should refer patients in the
early stages of vision impairment for vision rehabilitation, as proposed in the Academy of
Ophthalmology’s (AAO) SmartSightTM Initiative in AAO’s Preferred Practice Pattern® for
Vision Rehabilitation (American Academy of Ophthalmology Vision Rehabilitation Committee,
2013), and the American Optometric Association’s (AOA) Optometric Clinical Practice
Guideline Care of the Patient with Visual Impairment (Freeman et al., 2007). Rehabilitation
therapists, such as occupational therapists, low vision therapists, vision rehabilitation therapists,
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and orientation and mobility specialists, must, in turn, be prepared to address the needs of adults
with visual impairments (Mogk & Goodrich, 2004), including those with chronic conditions,
which have been found to compound the difficulties with ADLs in previous studies examining
older adults (Verbrugge, Reoma, & Gruber-Baldini, 1994). Rehabilitation has been found to
provide effective interventions to stabilize or improve ADL performance in older adults with
chronic conditions (Cook et al., 2013; Gill et al., 2002; Gitlin et al., 2006), but further research is
needed with a population of adults with visual impairments and multimorbidity. In addition,
university curricula need to prepare future professionals to meet the needs of this complex
population (Anderson, 2010; Bodenheimer, Chen, & Bennett, 2009; Clark, 2011; Mangin, Heath,
& Jamoulle, 2012) as the number of individuals affected is projected to increase in coming years
(Colby & Ortman, 2015; Gerteis et al., 2014; United Nations, 2015; St. John, Tyas, Menec, &
Tate, 2014; Ward & Schiller, 2013).
The Chapter III study showed there were a lower percentage of individuals with mild
vision impairment who reported difficulty with the daily tasks. For example, the percentages of
persons with mild, moderate and severe vision loss reporting difficulty with reading were 36%,
47%, 37%, respectively, and the percentages of those who were reporting they were unable to
complete were 4%, 7.4% and 36%, respectively. These results indicate that there was more
difficulty as vision became more severe, with a greater percentage of people with severe vision
impairment reporting they were unable to complete the task. Similar patterns of increased
difficulty as vision became worse continued for meal preparation and participating in activities in
the community. These differences may indicate to clinicians that adults with mild vision
impairment are likely to continue to try to complete tasks, even if it is difficult, and those persons
with severe vision impairment are more likely to give up trying and report that they are unable to
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do the task. The patterns observed for difficulty driving are not consistent, which may be related
to the legal vision requirements associated with the task. A lower percentage (15% difference) of
individuals with severe impairment reported no difficulty driving, compared to 66% and 52% of
adults with mild and moderate impairment. These findings may support other research reporting
individuals with visual impairment self-restrict driving (Lyman, McGwin, & Sims, 2001;
Ragland, Satariano, & MacLeod, 2004; West et al., 2003).
The ability to complete ADLs is complicated, and can vary based on a number of factors,
as shown in these dissertation studies. The World Health Organization (WHO, 2001) developed
a framework that is a holistic model of health, the International Classification of Functioning,
Disability and Health (ICF). It is used to assess an individual’s level of function by considering
the dynamics and factors that may impact the performance of ADLs, such as health conditions,
body functions, personal and environmental factors (Lollar, 2002; WHO, 2001). It is known that
persons with visual impairment and one additional chronic condition report ADL difficulty at
higher rates as compared to those with no visual impairment or only the chronic condition
(Berger & Porell, 2008; Crews & Campbell, 2004; Crews et al., 2006; Crews et al., 2005; Zhang
et al., 2013). This dissertation provides evidence that both the level of severity of vision
impairment and more than one chronic condition (multimorbidity) can both affect one’s selfperceived performance with ADLs. The percentage of adults reporting multimorbidity was over
half of each dissertation studies’ population, which is lower than the 85% reported in a
population-based study from Scotland examining adults, 65 years and older, with visual
impairments and multimorbidity (Court, McLean, Guthrie, Mercer, & Smith, 2014). When
comparing results to U.S. national population-based studies examining multimorbidity in the
general population of older adults (Anderson, 2010; Gerteis et al., 2014; Ward & Schiller, 2013),
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the dissertation studies found 20% more adults, 50 years and older, reported multimorbidity,
confirming the complex needs of this population. The results from these dissertation studies
emphasize the importance of considering both visual impairment and multimorbidity when
evaluating and treating a person with visual impairments to remain independent with ADLs.
Limitations
This dissertation research is not without additional limitations. When conducting this
dissertation research, there were some instances the small sample size affected the ability to
stratify variables into more than two groups for analyses and predictive modeling. Although it is
growing, the number of person’s with visual impairment continues to be a relatively small
percentage (2.75%) of the overall population (The Eye Diseases Prevalence Research Group,
2004), and there are few comprehensive hospital-based vision rehabilitation centers in the U.S.
(Owsley, 2009), making it difficult to conduct multi-center studies that are representative of U.S.
adults with visual impairments. Chapter II of this dissertation explored the similarities and
differences in two time periods in a large hospital-based rehabilitation program in the Midwest
with the differences in visual impairment confirmed using similar years in a nationally
representative population in NHANES in Chapter III. Although the sample size was larger in
Chapter III compared to Chapter II, stratification of some variables continued to be limited.
There were differences in the percentages of reported difficulty with ADLs, even though both
studies showed a higher percentage of adults with visual impairments. This could be attributed to
variances in the wording of the questions used to determine difficulty or in population
differences. Because NHANES has not collected vision module data beyond 2008, future
research to determine if the trends continue may need to examine multi-center data from across
the US, or perhaps other population-based data that records a quantifiable level of vision. In the
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first study, self-reported difficulty with ADLs was used. Using the information in the medical
charts, the researcher could not distinguish between subjects who reported no difficulty and those
who were no longer trying or were unable to complete the task. This limitation was addressed
during the second study, using NHANES data, which allowed participants to indicate the level of
difficulty that they were having, if they were unable to complete the task, or if they were not
trying to complete the task.
Multiple logistic regression models analyzed in these dissertation studies indicate there
could be other factors, e.g., types or numbers of medication, contributing to difficulty. The
models behaved differently for many of the ADLs examined. The lack of predictive patterns for
ADLs and specific findings for multimorbidity indicate a complexity to this population,
substantiating the need for further research. Additional studies could combine specific types of
chronic conditions (e.g., cardiac and orthopedic issues, or respiratory issues and arthritis),
investigate ADLs that were not used as variables in Chapter IV, or examine the physical
requirements of the task, e.g., fine motor coordination, balance, or community versus home
activities. In the first study, analyses based on eye disease were limited as there were 35 different
diseases causing low vision. Although differences or similarities between eye diseases may have
been valuable knowledge, it could not be addressed in the Chapter III or Chapter IV studies as
NHANES has only collected eye disease information for 2 of the 10 years included in these
studies.
Self-reported data has been often been criticized as being less reliable, but it is often used
in population-based research examining visual impairment (Ackerman et al., 2010; Berger &
Porell, 2008; Chou et al., 2012; MacLennan, McGwin , Searcey, & Owsley, 2013; Scilley et al.,
2002; Tanna & Kaye, 2012), possibly due to the limited availability of nationally representative,
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multi-center data or larger sample sizes, as previously mentioned. Underreporting is often cited
as a problem influencing results (Chan, 2009; Kayes & McPherson, 2010; Knäuper & Turner,
2003; Kriegsman, Penninx, Van Eijk, Boeke, & Deeg, 1996). In the first two studies, there is no
reason to believe there were differences in the rates of underreporting between the two time
periods in each study because, in the Chapter II study, subjects were seeking assistance for ADL
difficulty due to their vision, and, in Chapter III, subjects could choose different levels of
difficulty. Additionally, critics agree that subjects may have difficulty recalling the frequency at
which an event occurs (Chan, 2009; Kayes & McPherson, 2010; Knäuper & Turner, 2003;
Kriegsman et al., 1996), but these dissertation studies did not examine the frequency at which
ADL difficulty occurred, rather this research examined the level of difficulty (e.g., no difficulty,
extreme difficulty, unable) a person was having with ADLs. Conversely, it has been argued that
self-reported data is beneficial because it allows the participant to identify and place significance
to the item, such as activities of daily living as used in these dissertation studies (Baum, 2011).
Strengths
Strengths of this dissertation research include the use of quantitative measures to
determine visual function and the level of visual impairment. Often in population-based research,
visual impairment is determined based on one or more self-report questions (Berger & Porell,
2008; Campbell & Crews, 2001; Crews et al., 2006; Salive et al., 1994; Steinman & Allen, 2011;
Swanson & McGwin, 2004; Tanna & Kaye, 2012). Quantitative measures of visual function (i.e.,
visual acuity, visual field or contrast sensitivity) allow for more specific analyses of visual
impairment, which was shown to be valuable in the three dissertation studies. The Chapter II
study utilized the clinical measures of visual acuity, visual field and contrast sensitivity to
qualify the level of visual impairment resulted in several findings. The results from the study
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indicated that both visual impairment, based on visual acuity and visual field, and contrast
sensitivity impairment was less severe in the later time period. In addition, individuals with mild
visual acuity can have severe contrast sensitivity issues, supporting previous research describing
the impact of contrast sensitivity impairments on specific ADLs (Fletcher & Schuchard, 2006).
In Chapter III, the levels of visual impairment, based on measured visual acuity, allowed the
researcher to learn more about the patterns of limitations with daily tasks by using reported
levels of difficulty (e.g., no difficulty, difficulty and those who are unable to complete) in adults
with both mild and severe vision impairments. Although there were higher percentages of
individuals with mild/moderate impairment in the later time period, adults with mild visual
impairment continued to report difficulty with ADL function. In addition, the Chapter III study
demonstrated a higher percentage of adults with severe vision impairment who reported they
were unable to complete the tasks of reading, driving, preparing meals and participating in
community events, indicating that these individuals may no longer be trying to perform the task.
Measured visual acuity in the Chapter IV study allowed the researcher to document higher
percentages of reported ADL difficulty with and without the presence of multimorbidity at
different levels of vision. Clinicians providing rehabilitation may use the Chapter IV findings to
identify relevant assessments and develop appropriate treatment strategies for the population of
adults with both vision impairment and multimorbidity.
Implications
Vision rehabilitation professionals, including ophthalmologists, optometrists,
occupational therapists, orientation and mobility specialists, vision rehabilitation therapists, and
low vision therapists, cannot ignore the unique, complex needs of the population of older adults
with visual impairments. With approximately 70% of healthcare spending aimed at treating
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individuals with multimorbidity (Gerteis et al., 2014) , the ever-changing requirements of the
healthcare system demand that a patient or client be assessed and treated in a holistic,
multidisciplinary manner (Bodenheimer et al., 2009; Mangin et al., 2012). This dissertation
research provides evidence of difficulty with activities of daily living when multimorbidity is
present in a population of adults with visual impairments. Although further research is needed,
professionals interacting with adults with visual impairments need to begin to adjust their clinical
practices (Bodenheimer et al., 2009; Mangin et al., 2012) to assess and treat individuals with
multimorbidity. Addressing the needs of this complex population may include a
multidisciplinary or interdisciplinary approach, with professionals cross-referring and/or
discussing care. For instance, ophthalmologists and optometrists referring patients for vision
rehabilitation should communicate concerns, results and recommendations to the other
professionals involved in the care, and should expect the same level of communication and
collaboration between all professionals involved in the care. Occupational therapists, orientation
and mobility specialists, vision rehabilitation therapists, and low vision therapists may need to
refer patients with limitations resulting from multimorbidity, such as balance, strength, and
safety deficits, to physical therapists, fall prevention programs, or to each other for specific skills
training. Knowledge of multimorbidity and holistic approach is critical to professionals such as
orientation and mobility specialists, vision rehabilitation therapists, and low vision therapists as
the profession seeks medical reimbursement for services. In addition, evidence presented in this
dissertation has broader implications for advocacy and policies, such as accessibility or health
and wellness programs targeting the population of adults with visual impairments and
multimorbidity.
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Summary
Different types of professionals treat adults with visual impairments, including
ophthalmologists, optometrists, occupational therapists, low vision therapists, orientation and
mobility specialists and vision rehabilitation therapists (Mogk & Goodrich, 2004), all of whom
strive to assist individuals remain independent with their activities of daily living (ADLs). This
dissertation research has shown that even mild vision impairment can cause adults with vision
impairment to report difficulty with ADLs. In each study, the percentage of adults with
multimorbidity ranged from 50-65%, with results from the third study demonstrating, in addition
to vision impairments, multimorbidity can complicate the functioning of adults (St. John et al.,
2014; Verbrugge & Jette, 1994; Verbrugge et al., 1994), causing a higher percentage of
individuals to report difficulty with ADLs. Because visual function in the population of adults
with visual impairment has become less severe and difficulty has remained somewhat constant,
physicians should refer patients with visual impairment, especially those with multimorbidity, in
addition to vision rehabilitation early in the disease process. In turn, vision rehabilitation
professionals need to be prepared to understand the evolving, complex population in order to
manage the treatment of adults with not only vision impairment but also with multimorbidity.
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Abbreviation

Definition

ADL

Activities of Daily Living

CI

Confidence Interval

CS

Contrast Sensitivity

HFHS

Henry Ford Health System

HFHS-CVR

Henry Ford Health System’s Center for Vision and Neuro Rehabilitation

NHANES

National Health and Nutrition Examination Survey

VI

Visual Impairment

vs.

versus
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